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PREFACE. 



It is a curious fact that, up to a very recent 
date^ only one previous attempt at a popular 
description of the locomotive steam-engine has 
come before the public in the English language, 
and that by Mr, Stephenson, its celebrated im- 
prover. Unfortunately, however, that work has 
been published at an e]K:pense which renders it 
quite out of the reach of many who, probably, 
are the most anxious to acquire such information, 
and who might, by their mechanical skill and spe- 
culative minds, be the means of adding useful 
improvements to the machine, so that it should 
approximate nearer to a state of perfection, and 
be rendered essentially serviceable to the purposes 
for which it is required. 

With a view to the partial removal of this defect, 
by rendering such information accessible to all 
classes of society, the present work is now offered 
to the public, being the result of several years' 
practice on a line of railway in the locomotive 
department, on which I had a constant opportunity 
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of testing the merits and defects of the engines, 
and also the practical working of the line, so far as 
the engines were concerned. 

In the selection of an engine whereby to make 
a design for illustration, I have found a most 
difficult task, engines having of late become so 
numerous, and each laying higher claim to public 
approbation than its predecessor. Having, how- 
ever, had considerable practice with some made by 
Messrs. Kirtley and Co., of Warrington, which 
have given much satisfaction, I at last determined 
to select one of them, introducing various of 
Stephenson's late improvements, which I considered 
might be adopted with advantage. 

The work also contains general information 
connected with railways, which, it is hoped, will 
be found, not only interesting, but extremely 
useful, it being the author's sincere desire to 
create, in the public mind, a feeling of investiga- 
tion towards railways, so as to render that mode of 
conveyance ultimately both speedy and secure. 

W. T. 



ADVERTISEMENT. 



In issuing a second edition of this work, the 
Publishers beg to state that it has been carefully 
revised by an eminent civil engineer, and such 
additions and alterations have been made as the 
lapse of time and advancement of science have 
rendered necessary; and now, in its improved 
form, they hope it will be found peculiarly useful 
to that class of persons for whom it is especially 
designed. 

As regards the engine alluded to in the Author's 
Preface, the sectional part still appears for refer- 
ence ; but the Publishers have substituted a plate 
of a more recent one, by Messrs. Bury, Curtis, 
and Kennedy, of this town, as a frontispiece to 
the work, in lieu of that to the former edition. 

Liverpool^ March, 1848. 
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POPULAR AND SCIENTIFIC DESCRIPTION 



LOCOMOTIVE ENGINE. 



Locomotive Engines are macliines chiefly employed 
upon railways, for the purpose of conveying carriages 
with goods and passengers, by the propelling power of 
steam, — steam being water combined with caloric, or 
the matter of heat. 

watee: its boiling point. 
Water, under common circumstances of pressure, 
will imbibe caloric until it attains a temperature of 
212° Fahrenheit, at which point ebullition and evapora- 
tion take place. The water is changed from a fluid to 
an aeriform state, or steam, equal to the pressure of the 
atmosphere, namely, from 14 to 15 lbs. per square inch. 

EFFECTS OF PRESSURE. 

If the water be inclosed in a proper vessel or boiler, 
and the pressure augmented by any artificial means^ 

L* E. B 
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such as a safety valve, &c., ebullition will not take place 
at 212° Faht., but somewhere above that point, propor- 
tionate to the pressure on the valve ; and, as the tem- 
perature of the water is elevated, so is the density of 
the vapour increased, but in a very superior ratio. 
Hence, to produce steam of double or triple the pres- 
sure, double or triple the temperature is not required, 
but by experiment is found to be as exhibited in the 
following table : — 



TABLE OF THE PROPERTIES OF STEAM, EXPRESSED IN 
VARIOUS TERMS. 
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USEFUL EFFECTS OF STEAM. 

It is chiefly owing to the preceding properties of 
steam that locomotives are rendered so effectively use- 
ful on railways. It is also owing to those properties 
that steam vessels have, of late, been enabled to traverse 
thousands of miles on the trackless ocean to visit other 
countries, the accomplishment of which was, a few years 
back, but rarely anticipated. 
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APPLICATION OF STEAM, AND ITS PRODUCTION IN 
LOCOMOTIVES. 

Steam is' made available for the production of motive 
power in two different ways ; first, by force or pressure, 
and secondly, by condensation. But, in the high- 
pressure, or locomotive application, force is the entire 
principle. The machine is so constructed that motion 
is produced by the propelling force of the steam, which 
is afterwards allowed to escape into the atmosphere by 
the chimney : its superior force expels the air, and 
causes an artificial current of heated air to pass through 
the water in the boiler by means of a number of brass 
tubes, which thereby render the boiler sufficiently com- 
petent for generating the required quantity of steam. 

LOCOMOTIVE BOILER AS DIVIDED. 

The boiler is the most extensive portion of a loco- 
motive engine, and consists of three separate compart- 
ments or distinct divisions ; namely, the fire-box end, 
or back end A, in which the body of fire is contained ; 
the middle or cylindrical part B, in which the tubes are 
contained ; and the smoke box, or front end C, in which 
the cylinders, valves, and blast pipe are contained, and 
also on which the chimney D is placed. 

EXTERNAL SHELL 0:F THE BOILER. 

The external shell of the boiler is of wrought iron 
plates f ths of an inch in thickness, and rivetted toge- 
ther with rivets ^Msths of an inch diameter, and about 
1| inches firom centre to centre of each ; the corners 
are imited by angle iron 2 J inches in breadth, or the 
outer plates are bent to lap over each other, and rivetted 
together in a similar manner. 
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THE FIRE BOX. 

The fire-box end is composed of a double casing, the 
internal of which is properly designated the fire box, 
and is of copper plates, f ths of an inch in thickness, 
except that part of the firont or tube plate in which the 
tubes are inserted, which is from |ths to |ths. 

WATEE SPACES. 

Surrounding the fire box, and inclosed by the ex- 
ternal shell, are water spaces, WWW W, of which 
those on the sides and back are about 3 inches in 
width; the space on the front side requires to be a 
little wider, say about 3^, on account of the blast pipe 
causing the action of the fire to be greatest on that 
side. 

GAUGE OF RAILS, &C. I WIDTH OF FIRE BOX. 

In engines of 4 feet 8| inches gauge, being the usual 
gauge of rails in this country, the external shell of the 
fire box cannot well exceed 4 feet 3 inches in width 
across the engine, and for any other gauge of rails the 
same in proportion, consequently 4 feet 3 inches, minus 
the thickness of plates and width of water spaces, equal 
about 3 feet 7| inches for the width of the fire box. 

HEATING SURFACE OP FIRE BOX. 

To proportion for the quantity of heating surface in 
the fire box : 

Rule. — Multiply the cubic contents of one cylinder 
in inches by 027, the product is the extent in square 
feet. Hence, divide that surface, minus the area of 
front and back plates, by twice the height, plus the 
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y/nith. of the fire box, and the quotient is the length in 
the direction of the boiler. 

Example. — Suppose cylinders of 12 inches diameter^ 
strokes 18, width of fire box 3 feet 7 J inches, and 
height 3 feet 8 inches, required the whole extent of 
area in the fire box, and its length in the direction of 
the boiler. 
12« X .7854 X 18 X .027 = 54.96 square feet of 

surface. 
3 ft. 8 in. X 3 ft. 7J in. X 2 =: 26.5 square feet in 

front and back plates. 
And 3 ft. 8 in. X 2 + 3 ft. 7| in. = 10 feet 11| 

inches, or 10,958 feet, length of sides and top 

included. 

54.96 26.5 

Hence, — in q^q • = ^'^^ ^®®^> ^^ about 2 feet 7 

inches in the direction of the boiler. 

THE STATS. 

The stays, s s s s, ^c, are generally made of copper 
fths of an inch in diameter, and about 4 inches apart, 
centre and centre, which pass through the water 
spaces, screwed into each plate, and rivetted, being 
for the purpose of rendering the flat surfaces of the 
fire box capable of withstanding the force of the steam. 
For the same purpose, the bars, h b, ^c, are rivetted 
to the top of the fire box, resting upon rings about one 
inch in depth, so as to allow a free circulation of the 
water between each bar and the plate. 

FIRE GRATE, AND DROP BARS IN FIRE ORATE. 

The bottom of the fire box is about 20 inches from 
the top of the rails, and made up with wrought iron 
b2 
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bars, 6 inches higher up, a a a, ^c, which are laid in 
the direction of the boiler, and constitute the fire grate; 
they are about 2 J inches in depth, the top edge 1 inch 
in thickness, bottom edge \ an inch, and about 1 inch 
asunder. Four bars in the middle ought to be united 
together at each end, which rest upon the catch c, so that 
when the fire requires to be speedily removed the catch is 
withdrawn, aad the four bars instantly drop, and along 
with them a great portion of the fire ; otherwise, if the 
removal of a bar or bars is to be effected by the fire 
door, and especially when an indifferent quality of coke 
has been in for some length of time, it becomes clinkered 
together, and before it is possible to get one bar out, 
the whole of the water may be evaporated from off" the 
top of the fire box, the leaden plug become melted, and 
perhaps two or three rows of tubes destroyed. 

LEADEN OR FUSEABLE PLUG. 

To render a leaden or fuseable plug of any essential 
service in such emergencies, it ought to be inserted into 
a tube attached to the top of the fire box, at least 1\ 
inches in height above the plate, because the plug will 
not melt until the water is entirely evaporated from 
around it; and very probably before it is melted the 
tubes are burned. And again, I have seen in such a 
case the steam so highly rarified, previous to the plugs 
being melted, as to ignite the moment it came in contact 
with the fire, to the great danger of those who were near 
to the engine at the time, besides setting on fire and 
destroying the casing of the boiler. 

Fuseable plugs for locomotive boilers ought to be 
composed of two parts lead and three parts tin, which 
melt at a temperature of 334° Faht. 
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THE FIRE DOOR AND DOORWAT. 

The door, or doorway e, is an opening into the fire 
box, through the back end of the boiler; its length 
across the engine is about 13 inches, width 9, and 8| 
inches above the foot plate ; semicircular at each end, 
and closed by a door of a similar form, attached to the 
boiler by hinges. The door is composed of two iron 
plates, about 1 inch apart, and rivetted together, so as 
to prevent the external plate becoming red hot by the 
action of the fire. This opening to the fire box is 
indispensably necessary, — 1st, For the admission of coke 
in supplying the fire ; 2ndly, For the introduction of a 
rod, to extract small pieces of coke which frequently 
stick fast in the ends of the tubes ; and, 3rdly, For the 
insertion of plugs into the ends of the tubes, when they 
at any time become leaky, or chance to burst. 

THE GLASS GAUGE. 

The glass gauge G is an indicator generally attached 
to the back of the fire box, for the purpose of ascertain- 
ing, as nearly as possible, the height of the water in the 
boiler, and consists of two small cocks, with proper 
receptacles for a glass tube ; the tube is about 12 inches 
long and fths diameter; 10 inches of its length is 
exposed to view, and so situated on the boiler that the 
bottom of the glass is level with the top of the fire box. 
Particular attention requires to be paid to the glass 
gauge, for various reasons : namely, the openings 
through the cocks to the boiler may get stopped up ; 
the water in the tube sometimes becomes frothy, and 
no solid water indicated ; also, if the regulator be 
suddenly opened in starting the engine, the water will 
rush up the tube, and remain quite full for some 
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considerable length of time ; and the only real test or 
prevention in such cases is to partially shut the cocks 
from the boiler, renew the water in the tube, or partially 
open the fire door for a short space of time. 

GAUGE COCKS. 

Gauge cocks, as they are commonly termed, are two, 
sometimes three, small cocks inserted on one side of the 
fire box at c c, and used as a check to the glass gauge. 
They are frequentiy screwed into the boiler, the bottom 
cock being about 1 inch above the top of the fire box. 
When only two are inserted, they are placed 4 inches 
apart ; if three, 3 inches apart. 

THE BLOW OFF COCKS. 

The blow off cocks k k sue 1^ inches bore, and 
situated at the bottom of the water space in the back 
end of the boiler, for the purpose of emptying the 
boiler of water by the force of the steam, through which 
it is violently ejected, carrying along with it foreign 
matter held in solution, and other light substances that 
may be deposited at the bottom of the fire box. They 
are sometimes placed on the sides of the fire box, and 
immediately over the rails, but on account of the almost 
impossibility of keeping them tight, a constant dropping of 
water upon the rails is the consequence, thereby rendering 
it of frequent inconvenience to engines following, by caus- 
ing them to lose their adhesion, and slip upon the rails. 

THE M17D HOLES, AND HOW MADE UP. 

The mud holes m m are circular openings, about 1| 
inches in diameter, at the bottom of the water spaces into 
each comer of the fire box, and made up either by cir- 
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cular covers, held to their places by T heated bolts, or 
the plate tapped and screw plugs inserted. These holes 
are for the purpose of removing the sediment and scale 
that constantly accumulate at the bottom of the water 
spaces, and also for the purpose of introducing a jet of 
water, so as to prevent any accumulation of dirt or scale 
among the stays, which, if not frequently attended to, 
soon becomes in such a state as not to be easily removed. 

THE FRONT TUBE PLATE. 

The front tube plate P, or that into which the tubes 
are inserted in the fore end of the boiler, is of rolled 
iron, about fths of an inch in thickness ; this plate forms 
the fore end of the cylindrical part of the boiler, also 
the back of the smoke box, and attached to each by 2| 
inch angle iron. 

THE HOLES FOR THE TUBES. 

The holes for the tubes are bored out perfectly round, 
and as nearly as possible their outside diameter ; the dis- 
tance between each hole is from fths to fths of an inch, 
and the top of the highest tube not exceeding the centre 
of the boiler. 

DIMENSIONS AND QUALITY OF THE TUBES. 

Tubes vary in size in common use, from If to 2 
inches outside diameter, the smaller being most appli- 
cable to engines for passenger trains, or engines where 
a great quantity of heating surface is required, and the 
larger for luggage engines that have to transmit a 
greater load at a less velocity : they now vary in length 
from 8 to 10 feet, and for Messrs. Stephenson's design 
they reach 13 feet in length. 
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THE USE ANb tKSERTION OF THE TUBES. 

lihe tubes are for the purpose of communication 
between the fire box and the chimney, and also for the 
idistribution of caloric to the water in which they are 
immetsed. The best tubes now in use are of braiss, cast 
and drawn without soldering ; they are drawn thicker 
for the fire-box end, being No. 8 wire gauge, and No. 14 
*at'6moke-box end ; they are tested to 300 lbs. internal 
pressure. After they are fitted to their proper places in 
the boiler, they are rivetted or turned over the plates a 
little at each end, so as to prevent the hoops, when in 
the action of being driven, taking the tubes along with 
them. 

THE HOOFS AND THEIR DIMENSIONS. 

The hoops are 1| inches in breadth and J in thick- 
ness, having their external diameter turned slightly 
• conical, and a little larger than the internal diameter of 
fhe tubes, so thslt when they are driven into the tubes 
•they may cause them to expand so as to britig their e!x- 
tiemal diameter so closely in contact with the internal 
diameteris'of the holes as to render them water tight. 

QUALITY OF HOOPS. 

The hoops for the fire-box end are of steel, and for 
the smoke-box end of iron, steel being found in practice 
to withstand the action of the coke much better than 
iron, and nearly in the same proportion as brass tubes 
to copper tubes — namely, brass in preference to copper 
nearly as 6 to 1. 

:ft£X!nNa surface in the tubes. 
The proportion of heating surface in the tubes is about 
ten times the quantity in the fire box ; hence, when 
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the quantity of heating surface is known, and the dia- 
meter and length of tubes determined, the number is 
easily ascertained. 

Example. — Suppose the heating surface in the fire 
box 50.85 square feet, the length of the tubes 8 feet, 
and internal diameter 1| inches, required the number. 

1| X 3.1416 = 4.71 inches, circumference of each 
tube. ' 

50.85 X 7 = 355.95 -r 8 = 44.49 x 12 = 533.88 
inches, the whole circumference of the tubes. 
And 533.88 -^ 4.71 = 113 tubes. 

LONGITUDINAL STAYS. 

The stays S S are three or more round iron bars, about 
1^ inches diameter, and extending from the back ex- 
tremity of the boiler, through the front tube plate inside 
the smoke box ; they are screwed into each plate so as 
to render them completely tight, and are for the sole 
purpose of support to the ends of the boiler against the 
force of the steam. 

THE DOME. 

The steam dome M is a cylinder, of wrought iron, 
about 14 inches diameter, 2 feet in height, and placed 
in some engines immediately behind the chimney, on 
the body part of the boiler; it is for the purpose of 
admitting the steam to the cylinders at a greater height 
above the surface of the water in the boiler; it is also, 
when so placed, a means of ready admission to the 
regulator, being the only article generally that requires 
the interior of the boiler to be exposed. 
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STEAM PIPES, &C. 

The steam pipe N is 4 or 4 J inches diameter, made 
of copper one-sixteenth of an inch in thickness. The 
steam is conducted to the regulator by this pipe, and 
thence, to outside the front tube plate and interior of 
the smoke box, where it diverges, and 3| inch pipes 
attached, by which the steam is conducted to the valve 
boxes, B B, The top of the pipe in the dome is in 
form of a funnel, in order to prevent, as much as possible, 
any particles of water arising with the steam getting 
into the steam pipe, and thereby passing into the cylin- 
ders, generally known by the term priming, and is not 
only very unpleasant, but extremely detrimental to the 
engine. Priming is much less liable to take place when 
pure soft water can be obtained, and by keeping the 
boiler properly clean. 

THE REGULATOR. 

The regulator R might be conceived to be an obstruc- 
tion in the steam pipe, and consists of two flat circular 
disks d dy ground face to face until they are rendered 
perfectly steam tight. Into each plate are two or three 
openings exactly opposite to each other, so that, by one 
disk remaining stationary, and the other being moved a 
fourth or sixth of a circle, the openings are brought 
opposite to each other, or otherwise, as required ; conse- 
quently, by this means the steam can be completely 
shut off, or partially shut off, and the velocity of the 
engine easily regulated at pleasure. 

MEAXS BY WHICH THE REGULATOR IS MOVED. 

Connected with the regulator, and for the sake of 
convenience, the rod r is continued from the back of 
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the moveable disk d to the back of the fire box, on 
which is fixed the lever L, and by which the change of 
the regulator is effected. The stationary disk is usually 
of cast iron, the moveable of brass, and each about 10 
inches diameter. 

SAFETY VALVES. 

To regulate the density, and also to protect the boiler 
against unnecessary accumulation of steam, two safety 
valves are attached of 2j inches diameter each at the 
narrowest part ; one is placed upon the dome M, and 
the other any where convenient to the engineer, so that 
he may have it in his power to lessen the regular pres- 
sure, namely, 70 to 80 lbs. per square inch, at any time 
the engine is about to be lessened in effect; and it should 
always be attended to when the engine is stopped for 
any length of time. 

EFFECTS OF THE LEVER AND SPRING BALANCE ON 
THE SAFETY VALVE. 

Upon each valve is placed a lever I i, and at the end 
of each lever a spring balance 1 1, fixed to the boiler. 
Hence, in calculating the effect or pressure on the valve, 
the action of the lever and spring balance must be taken 
into account, which is easily ascertained by the following 
simple means : — Disengage the spring balance from the 
boiler, and attach another to the lever immediately 
above the centre of the safety valve, which will indicate 
the number of pounds to be distributed on each square 
inch of the valve. 

DIVISIONS OF THE LEVER. 

Sometimes, for the sake of ready calculation, the valve 
levers are so divided that the distance from the fulcrum 
L'me. g 
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to the Talve equals the diameter of the valve, ax^ the 
distance from the fulcrum to the spring balance as many 
times the diameter of the valve as there are square 
inches in its area, consequently the pressure upon the 
valve per square inch is always indicated by the spring 
balance, plus the action of the lever. 

CALCULATIONS CONNECTED WITH THE SAFETY VAIVE. 

When levers so applied are not thus proportioned, 
the eflfect of the lever requires also to be taken into ac- 
count: — For example, suppose a lever 30 inches in 
length, distance from the fulcrum to the valve 2| inches, 
area of the valve 4.9 inches, and tlie action of the lever 
and spring balance equal 16 lbs. upon the valve, what 
will the spring balance indicate when steam is at a pres- 
sure of 50 lbs. per square inch above the pressure of the 
atmosphere ? 

30 

— = 12, or the effect of the lever ; and 

2.5 

4.9^ = the area af the valve in square inches. 
X 50 lbs. pressure per square inch. 

245 = the whole pressure upon the vahre. 

— 16 lbs. action of the lever and spring balance. 
12) 229 (19.08 lbs. indicated by the spring balance. 

THE AREA OF THE VALVE. 

To find the area, or number of square inches in a 
valve. 

Rule. — Multiply the square of the diameter by .7854 
and the product is the area, — thus, 2.5' = 6.25 X 
.7854 = 4.9087 the area. 



LOCOlf OTIVX BNOINir. 23 



THE SMOKE BOX. 

The shell of the smoke box is of wrought iron plates, 
•^th of an inch in thickness, unless the front plate, which 
is generally /^ths ; the angle iron for uniting the comers 
2 inches in breadth ; the rivets ^ inch diameter, and 1^ 
from centre to centre of each. Some makers attach the 
front plate to the angle iron by f th bolts, for the purpose 
of being more easily removed, and prevent shaking to 
pieces any other part of the smoke box, in case of gene- 
ral repair, &c* 

DOORS OF THE SMOKE BOX. 

In the front of the smoke box is a door-way, just 
sufficient in size to clear the ends of all the tubes, so 
that a rod may be easily introduced to clean the tubes, 
or the tubes easily replaced when required. The open- 
ing is made up by a door or doors, and attached to the 
front plate by hinges, so as to admit of ready access, 
and also to render the smoke box as tight as possible, 
so that the tubes may be completely inclosed, and the 
current of heated air be allowed to pass unobstructed 
from the fire to the chimney. 

THE CTLIKDERS. 

The cylinders g g, are situated at the bottom of the 
smoke box, and attached to the front tube plate P by 
five bolts fths of an inch in diameter, the centre of each 
oylinder being placed in a direct line with the centre of 
the crank axle, and parallel to each other at a distance 
of about 28 to 31 inches from centre to centre, for en- 
gines of 4 feet 8| inches gauge. 
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THE PISTONS. 

The cylinders are of cast iron Irom f ths to |ths of 
an inch in thickness, and bored out truly circular and 
parallel from end to end, into -which the pistons p p are 
fitted steam tight, and to the sides of which the steam 
is admitted alternately, so as to give a reciprocating 
motion to each, which is communicated to the crank 
axle by the piston rods r r and connecting rods e e, and 
a circular motion obtained. 

SUPPORT OF THE CYLINDERS. 

For the mutual support of the cylinders a flange is 
sometimes cast upon the lower external diameter of 
each, in the direction of their length, by which they are 
bolted together, to prevent, as much as possible, any 
twisting of the tube plate taking place by the action of 
the engine. 

THE STEAM WATS. 

The openings or steam ways o o, through which the 
steam is conducted to and from each side of the pistons 
alternately, are cast upon the cylinders, and to which 
they bear the following proportions : — Width across the 
cylinder, about f rds of its diameter ; area, -j^th of the 
square of its diameter. The openings u m, through which 
the steam makes its escape to the atmosphere, are the 
same in length, but about double the width of the others. 

THE VALVES. 

The valves v v, by which the steam ways arc 
covered, and by which the quantity of steam to each 
cylinder is regulated, are sometimes made of brass, but 
more generally of cast iron, and in the form of an in<* 
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Verted rectangular box, tlie internal length being equal 
to tbe length of the steam openings ; width, their distance 
between, and depth about equal to one of the openings. 

LAP OF THE VALVES. 

The external width of each box, or face of the valve, 
is augmented by flanges of about ^ inch to 1 inch more 
than is sufficient to cover all the openings, and desig- 
nated the lap of the valve. This augmentation is for 
the purpose of cutting off the communication with the 
boiler, previous to the pistons reaching the ends of the 
cylinders or return of the strokes, and thereby causing 
the diminished velocity of the pistons to be continued to 
the end of the stroke by the expansive force of the steam. 

MOTION OP THE VALVES. 

The motion of the valves is obtained from the crank 
axle, by means of the eccentrics x x x x, and commu- 
nicated by the eccentric rods rrrvj and levers e e, ^c. 
Two eccentrics, rods, &c., are adapted to each piston, 
so as to cause an easy and certain change of motion to 
take place when required. The two outer eccentrics 
cause a forward motion, and' the two inner a backward 
motion of the engine, which are set to suit accordingly. 

THE LEAD OP THE VALVE. 

The lead of the valve is a certain advance in the ex- 
tent of its movement to the movement of the piston, 
but generally understood the quantity of opening for 
admitting the steam to the opposite side of the piston at 
its return of the stroke, for the purpose of obtaining 
the steam at a greater density for a first impulse to the 
piston. And, train engines, or engines running about 
c2 
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thirty miles per hour, require more lead than luggage 
engines with heavy loads which run at about half that 
velocity, the ratio of advantage derived from the lead of 
the valve being nearly as follows : — 

Suppose the lead = 0, the velocity = 1. 
„ „ = i „ „ = 1.016. 

„ = f „ „ = 1.048. 

„ yy = I „ „ = 1.103. 

THE BLAST PIPE. 

The blast pipe y is a copper conical tube, the bottom 
end of which is attached to each cylinder, and a direct 
communication formed from the middle openings or 
thoroughfares under the valves, to the bottom of the 
chimney, for the purpose of allowing the steam to 
escape, after performing its duty in propelling the 
pistons, and also to render it available for the produc- 
tion of steam, — for, by its superior density, the air is 
expelled from out of the chimney, and thereby causes 
an excess of heated air to pass through the tubes. The 
bottom end of the blast pipe is about equal in area to 
the two middle openings on the cylinders, its height 
about an inch into the chimney, and its orifice one- 
fourth of the cylinder's diameter, 

THE CHIMNEY. 

The chimney D is of rolled iron plates Jth of an inch 
in thickness, its diameter ^ths of the cylinder's diameter, 
and extreme height 13 feet 6 inches above the rails. The 
top is sometimes made in the form of a funnel, and ex- 
tended to nearly twice the bottom diameter, and covered 
with No. 12 wire- work about 1^5 ths asunder. Others 
have the wire-work at the bottom of the chimney, and 
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directly above tbe ends of the tubes ; in either case it 
is intended to prevent, as much as possible, any danger 
or annoyance from small pieces of hot coke i/vhich are 
carried from the fire through the tubes, by the action of 
the blast pipe. 

The preceding are chiefly of yfhaX the boiler is com- 
posed, and a few parts of the engine, which it incloses. 
Hence, the following are external parts required to con- 
stitute the whole machine, and render its eflects complete. 

THE EXTERNAL FRAME. 

The frame F F which surrounds the boiler is of oak 
or ash timber, about 7 inches by 3, and covered on each 
side with rolled iron plates ^th of an inch in thickness, 
except the front or buffer board, which is not covered 
with iron, but is of considerably greater dimensions, say 
about 13 inches in breadth and 5^ or 6 inches in thick- 
ness, in order that it may be enabled to withstand the 
sudden shocks it is constantly liable to receive. 

THE KNEES. 

The knees n nuy ^c, by which the boiler is sup- 
ported and attached to the frame, are of wrought iron, 
4 inches broad and fths or |ths of an inch in thickness. 
The front and middle knees are each rivetted to the 
boiler; those on the back end are attached by screws, 
so as to be easily removed when the copper fire box 
requires to be renewed. 

THE GUARD PLATES. 

The guard plates ggg, ^c, are of wrought iron, flhi 
of an inch in thickness, and attached to the frame in 
pairs at the ends of each axle, for the purpose of keep- 
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ing tlie axle boxes in their proper situations ; the open- 
ings in the plates are made exactly parallel, and also 
fixed to the frame parallel to each other, so as to allow 
the axle boxes to move easily but accurately up and 
down, by which means the shaking motion of the engine 
is rendered comparatively little, through the action of 
the springs. 

THB SPRINGS. 

The springs are generally composed of |th or i^ths 
steel plates from 3 to 4 inches in breadth, and con- 
taining from ten to fifteen plates, varying in quantity 
and form with the weight of the engine and judgment 
of the maker ; a proper tension of the springs being of 
very essential consequence to the benefit of the working 
parts and safety of the engine, as the shaking or tremu- 
lous motion through them may be considerably lessened ; 
and I have found, from practice, that wheels and tires 
last much longer on engines where the springs are of a 
proper elasticity. 

THB AXLE BOXES. 

The axle boxes qqq, ^c, are sometimes made of 
brass, but more generally of cast iron, into which is 
fitted a lining or receptacle for the ends of the axles, 
composed entirely of copper and tin, so as to reduce the 
liability of the bearings becoming heated by the weight 
of the engine and velocity of the wheels. 

Into the upper part of each axle box is formed a 
cavity, for the purpose of retaining a portion of oil or 
other lubricating matter, which is distributed by degrees, 
through small holes upon the bearings, and renewed 
occasionally, as required. 
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THE AXLES. 

The axles z z z, on y/lAdh the wheels are fastened, 
require to he of the hest wrought iron, fagoted and 
welded together, generally termed fagoted iron, the ends 
or hearings heing made all of the same length and dia- 
meter, and to suit the receptacles in the axle hoxes, 
yiz., 5| inches in length, and ahout 3^ in diameter; 
those parts on the firont and hack axles, on which the 
wheels are fixed, are ahout 4| inches diameter, and the 
remainder, or middle part, from 3| to 4 inches. Some 
makers contend, that diminishing the diameters of the 
axles towards the centre considerably reduces the lia- 
bility of breaking where any inequality of the road takes 
place, but having seen only few in use of that descrip-f 
tion, I am not yet prepared to contend for, or attribute 
any particular merit to, the design. 

The craiiked or middle axle is that on which the 
driving wheels are fixed, the power communicated, and 
the motion of the engine obtained ; it is composed of 
one solid mass of wrought iron, the cranked parts being 
set at right angles to each other, and cut out after the 
axle is forged, the bearings of the cranks, to which the 
connecting rods are fitted, being about 5 inches in 
diameter, and 3| in length, the middle or stay bearings 
4f inches diameter, and 2| in length, and the parts on 
which the wheels are fixed 6 inches diameter. 

After the axles are turned and finished, the end 
bearings are properly case hardened, so as to render the 
surface of a close compact texture, approximating the 
nature of steel, which is found to be essentially neces- 
sary, on account of the whole weight of the engine 
resting upon those small bearings. When this precau- 
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tion is not adopted, and very superior brasses applied, 
the bearings become beated by friction^ lubrication is 
destroyed, the surfaces of the axles become unavoidably 
rough, and afterwards no means whatever wOl prevent 
their heating, by which the velocity of the engine is 
retarded, the machinery destroyed, and an unnecessary 
quantity of fuel expended, 

* Exceedingly great attention on the part of engine-men 
require to be paid to those outer bearings, as they are 
generally termed, by seeing each axle box properly 
cleaned and lubricated at each end of the journey, and 
also when a moment of opportunity occurs at any stop- 
ping place on the road, the same examined by the touch 
of the hand, such attention being most required with a 
new engine, or any engine after receiving a general 
repair: but if the materials are good and properly ma- 
nufactured, they soon become humoured to their proper 
bearings, and still keeping in mind cleanliness, less of 
other attention is required. 

THE WHEELS. 

The wheels are chiefly made of wrought iron, with 
cast iron naves, so as to combine the arms together, and 
form the means by which they may be flimly fixed upon 
their axles. Wheels are of very different constructions, 
varying, of course, with the opinions of the makers, but 
in all cases the arms and rim welded together. In some 
the arms are of flat iron, in others round, but each form- 
ing a plane surface to the centre. Another, and I be* 
lieve the best form of wrought iron wheels, is round 
arms strutting from the rim to the nave in a zig-zag 
form, and in place of the arms forming a plane surface 
with the centre they form a double cone, and thereby 
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eonaderablj augment the stability of tiie wheel, tod 
diminish the tendency to the osciUating motion of the 
engine. 

Wheels of wrought iron are very expensive to makei 
and unless made of considerable strength and superior 
workmanship, are apt to vibrate from the centre, by 
which it is not unfrequent to start the arms from the 
zim, and thereby render the wheels unsafe. To avoid, as 
nrach as possible, each of those inconveniences, east 
iron wheels have been introduced of late, whidi seem 
to answer very well ; they have round arms, cast hol- 
low, like pipes, so as to render the cooling, and) oonse-* 
quently, the contraction of the metal, nearly equal. 

In each description of wheels the arms are commonly 
ael about one foot apart on the rim, the cast iron arms 
being holloy, cause their diameter to be greater, and, 
consequently, their number less. In six feet wheels, 
with round arms of wrought iron, they are about 2|th 
inches diameter at the rim, and contain 18 arms ; cast 
iron wheels of the same diameter have arms about 3 
inches diameter at the rim, and contain 16 arms. In 
either case the arms increase in 'diameter towards the 
centre about |th of an inch for each foot in length, and 
the naves of each are about 18 inches diameter. Hence, 
from the above dimensions, wheels of any diameter may 
easily be proportioned. 

THE TIRES. 

The outer rims or tires are of the best rc^ed iron, 
from 1| to If inches in thickness, and from 5 to 6 
inches in breadth ; the broader the tire, the less is it 
liable to become elongated by the weight and action of 
the engine upon the rails. 
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As a means of preventing the tires becoming loose 
upon the wheels, the external diameter of the wheels 
and internal diameter of the tires are turned to a plain 
even surface, leaving the tires of smaller diameter, so 
that, when heated, they may expand to a sufficient size, 
to go easily on to the wheel, and so, by the contracting 
power of the metal in cooling, may bind the two sur- 
faces compactly together. The tires are afterwards 
turned to the dimensions and proper form required, the 
inner side of the wheel being made about -f th of the 
breadth of the tire larger in diameter than the outer 
side, and thus renders the tire in form of a cone. 

The diameters of wheels for locomotives are propor- 
tioned in the following manner : — 

5 feet driving wheels, and 3 ft. 6 in. small wheels. 

5i „ 3 9 

6 ,, 4 

ei „ 4 6 

7 „ 5 

the tires of which require to be nearly of the following 

lengths when in their unbent state : — 

Wheels 3 ft. 6 in. diam. tires 11 ft. 8 in. in length. 
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ADHESION OF THE WHEELS. 

l?he adhesion of the driving wheels is found to be 
about ^ih of the weight bearing upon them when the 
tails are clean, but vary with their dirty condition to 
about -^th, consequently, for the purposes of calculation, 
generally reckoned at |th. 

PISTON RODS. 

The piston rods r r are the means by which the 
power of the steam is conveyed outside the cylinders. 
Each rod being inserted properly into its respective 
piston p p, is made to pass through the stuffing boxes 
n n, which are filled with hemp or soft rope yarn, and 
compressed upon the rods sufficiently to prevent any 
escape of steam^ 

Piston rods for locomotive engines ought invariably 
to be of steel ; being of a more compact texture than 
iron, it is of course stronger, less liable to corrode, and 
not so easily scratched or grooved, by which qualities 
unnecessary friction is avoided, and the packing requires 
to be less frequently renewed. 

The diameters of piston rods may be proportionate 
to their cylinders, as follows : — 
Cylinders 10 in. diam. piston rods 1.43 in. dianl. 

11 „ ., 1.67 

12 „ „ 1.71 

13 „ „ 1.86 

14 „ „ 2.0 
16 „ „ 2.3 

THE GONNECTINO RaDS. 

The links e e, by which the power is communicated 
from the piston rods to the cranks, are of wrought iron, 

L, B. D 
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and designati^ eotakebtl^lDds, tb i^ilfoh end of which 
i^ attadied, by a '^nrouglit itx)n stiiEip, e f>air of ili^mi- 
dkculto brasses, one pair basing united td th6 <diaineter 
of the oross he^ h^ and the other fo ^e -diametei: t>f 
the crank bearings : these brasses are brought 'together 
upon their bearings by means of wedges or cotters, 
consequently a considerable degree of care is required 
in tightening these Cfbtteifs, *^o that the brasses may 
jieither be too ti^, Mr have any ^hdehcy to jiitop or 
'^tlke tiptm their {if^arings 'at the Tfmafn 6f thte ^tfbke, 
M lii either case it entities a cbMid^ble 4iiiibiiky lo 
iieating, and by which die ctBtiiks 'may AiItinKitely l^e 
^prevented in a ^reat measure from fevohriiKg Ikl Hieir 
brasses, Bnd thus cause ka unnecessary degree Df 
friction, and, probably, disarrangements to a tieriovs 
ieictent, which might easily have b^ea avoided. 

THE SLIDES, BLOCKS, &C. 

As the connecting rods in their motion wre unavoid- 
ably thrown out of a direct line with the piston rods, 
by the revolution of the cranks, and being attached to 
the piston rods, it is necessary their union be protected 
in a direct line with the cylinders : and in order to effect 
this, each is attached to a spindle, or cross head ^ ^ on 
eitlier end of which is a block of brass or cast iron 
mmj &a, guided between slides of cast iron or steel, 
which are attached to each inside frame in a direct line, 
with the cylinders. These blocks are about 6 inches 
in length, 2| to 3 inches in breadth, and 2 inches in 
thickness, and, imtil lately, consisted of either brass or 
steel, but now are more frequently of cast iron, and 
found to .wear extremely well. 

The slides are attached tc^tber inpldis, by<a stud 
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M » oQ^ti^i^ i^o^^i^ niption ^ o})tained fro^ the 
redpioqfitpiBg i|iQtSQ^ of the pistoQs^ by meapS) o{ t^e 
cranks, so is an alternate motion obtained from cont%^ed 
circular motion of the crank shaft, by means of the 
eccentrics. 

7%« eceentrios f 09, ftc, are cast ison wheek or pulleys^ 
about 9 inches, in diameter and 2 inches in thickness, 
which are fixed upon the crank shaft, each having its 
cenfare of motion as far from the centre by which it is 
described as half the travel of Ae valve, imless the 
levers by which the motion is communicated be of un- 
equal lengths, and H so, the case becomes involved into 
arithmetical proportion; hence the following simple 
rules become applicable to the demand, in which let all 
the dimensions be in the same terms : — 

1. The travel of the valves and length of levers being 
given* to f^fl fte X^fm^ tkPW qf ec^entri^s: 

BuLEf — ]\Iidtipl;jr the travel of ttie valves by the 
length of the levers tp ^^lich thp eccei^tric rodi^ are at- 
tached, and divide the product by the length of the 
leverQ wl^oh qi^^Q ipiQ^^ate}y compiunic^t^ the 
piotion tQ the volvefibi th^ quotj^t ifi the required thyo^r 
flf eccei;itTiQ9. 

Ex. — Suppose an engine, the travel of whose valves 
are e^cl^ 3| inches, the length o^ the leye^^s to ifhich 
the eccentric rods are attached 6^ inches, an^ the 
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length of the lerers more immediately attached to the 
valves 5| inches, required the throw of eccentrics : 

3.5 X 6.25 = 21.875 -7- 5.75 = 3.8 inches throw 
of eccentrics, or 3.8 -7- 2 = 1.9 inches hetween their 
centre of motion and centre hy which they are de- 
scribed. 

2. The travel of the valves, the length of the levers 
to which the eccentric rods are attached, and throw of 
eccentrics being given, to find the length of the levers 
immedidtely giving motion to the valves : 

Rule. — Multiply the travel of the valves by the length 
of the levers to which the eccentric rods are attached^ 
and divide by the throw of the eccentrics, the quotient 
is the length of the levers immediately connected with 
the valves. 

Suppose, as in the preceding example, 

Then, 3.5 X 6.25 -7- 3.8 = 5.75 length of levers. 

3. The length of the levers immediately attached to 
the valves, the throw of eccentrics and travel of the 
valves being given, to find the length of the levers to 
which the eccentric rods are attached : 

Rule. — Multiply the throw of the eccentrics by the 
length of the levers attached to the valves, and divide 
by the travel of the valves : the quotient is the length 
of the levers to which the eccentric rods are attached. 

Thuti, as before, 3.8 X 5.75 -^ 3.5 = 6.25 length 
of levers. 
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4. The throw of the eccentrics and the length of the 
levers being given to find the travel of the valves : 

Rule. — Multiply the throw of the eccentrics by the 
length of the levers immediately connected with the 
valves, and divide by the length of the levers to which 
the eccentric rods are attached, and the quotient is the 
travel of the valves. 

3.8 X 5.75 -^ 6.25 =: 3.5 travel of the valves. 

Surrounding the eccentrics are hoops of brass, to 
which the rods are attached ; the rods r r, &c., are of 
wrought iron, the stud ends of which are in the form of 
a V, which are allowed to drop clear of the studs, but 
only so far as to be still kept within their range, and, by 
a combination of levers, which is communicated to the 
back end of the boiler, can be lifted at any moment by 
the engine-man with certainty, so that the motion of 
the engine may be changed as required. 

THE PUMPS. 

The pumps p p, are of brass, and fixed to the inside 
frames, for the purpose of supplying the boiler with 
water against the force of the steam ; the strokes of the 
pumps are equal to the strokes of the pistons, being 
attached, and worked from the cross-heads ; the rams, 
by which the water is displaced in the pumps, are of 
wrought iron, and about i^th of the cylinder's diameter. 
The water is conducted from the tender to the pumps 
by copper pipes, into each of which is placed a valve, 
for the purpose of preventing the water returning to the 
tender by the action of the pumps, consequently, what 
is displaced by the rams is forced into the boiler. It 

d2 
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ia conveyed in pipes of the same description tt^m the 
pumps to the boiler, but in each of these are placed two 
valves, being required, not only for preventing the water 
returning, but also to prevent, as much as possible, any 
accumulation of steam in the pipes, by which a proper 
action of the pumps is destroyed, llie valves used are 
termed ball valves, being spheres of brass 2 to 2^ inches 
in diameter, situated in the pumps or valve seats cover- 
ing the orifices of inlet to the boiler. 

The various parts bear nearly the following propor- 
tions to each other, viz. ; — Openings equal to the dia- 
meter of the pump rams ; diameter of the balls not less 
than f ths the diameter of the openings ; rise of the bajls 
half the diameter of the openings ; and the face on which 
the b^ rests -^^th of an inch in breadth. 

One pump is of sufficient capacity to supply the 
boiler in all ordinary cases, but two are provided against 
particular emergencies. The pipes which communicate 
Ivith the tender are of copper, and about |th of an inch 
in thickness. 

THE PET COCK. 

Into each p5pe, between the pumps and the boiler, 
small cocks are inserted, termed pet cocks, for the pur- 
pose of aUowing any steam to escape that may have ac- 
cumulated during the pump's absence of active working, 
and also for ascertaining when the pumps are in proper 
condition. The means of opening each is communicated 
to the back end of the boiler by rods, so that they 
may be opened or shut at pleasure. 

SPLASH BOARDS. 

The splash boards are curved brass or iron plates 
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covering the rims of the driving wheels above the top 
of the frame, for the purpose of preventing dirt and 
oxide of iron, which accumulate upon the rails and 
adhere to the wheels in wet weather, getting distri- 
buted or spread over various parts of the engine by the 
velocity of the wheels. 

OIL CUPS. 

Over each bearing or rubbing sur^e is placed a cup 
to contain oil, in the centre of which, and pro- 
jecting to nearly the top of the oup^ is a small pipe of 
iron, into whiqh the ends of a few worsted threads are 
inserted, the remainder, about 5 or 6 inches in length, 
being coiled loosely round the tube in the cup ; the 
eupe being filled with oil, the threads act as a syphon, 
80 that a constant supply is kept upon the bearings. 

These cups were formerly of brass, and screwed into 
their various situations ; but by the rapid motion of the 
engine they frequently became unscrewed before the end 
of the journey, and not only got lost, but the parts be- 
came heated for want of that lubrication which is con- 
stantly required. To obviate this uncertainty, and, at 
the same time, to embrace the advantages arising from 
this mode of lubrication, the cups have latterly been 
formed out of the same material into which they used 
to be screwed, thus rendering them, if kept in proper 
condition, both certain and efficacious. 

SPLIT PINS. 

The same uncertainty attends a number of the bolts 
and cotters in the engine, which is remedied by intro- 
ducing small split pins through the point of each, so 
that although they may become unscrewed, they are 
prevented from getting lost. 
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SAFETY COCKS. 

Into each cylinder cover is screwed a cock, for the 
purpose of allowing an escape of water wliich frequently 
' accumulates in the cylinders while the engine is stand- 
ing, and the same precaution ought to be taken in intro- 
ducing cocks into each valve box, as water also accumu- 
lates there in a similar manner, when all the apertures 
are covered by the valves, for I have seen instances of 
this kind where great violence was required before the 
valves could be removed, causing extreme danger to the 
working parts, and sometimes considerable delay. 

THE FOOT BOAED. 

The foot board, as it is generally termed, is a wrought 
iron plate at the back end of the boiler, and fixed to the 
top of the frame, in a line with the bottom of the tendef , 
which serves as a platform for the men in their active 
duties upon the engine : it is also a support to the pin 
of the drag link, by which the tender is attached to the 
engine. 

Having, in the preceding remarks, described the most 
prominent parts of a railway locomotive engine, it is 
only necessary to add the tender, and the machine is 
complete.' 

THE tender: weight of engines, &c. 

The tender consists of a wrought iron tank, placed 
upon a strong frame-work of timber, which is supported 
and conveyed upon 4 or 6 wheels, as may be required, 
according to its weight. The axles, axle boxes, guard 
plates, springs, &c., being similar to those upon the en- 
gine, it is quite necessary, for the sake of safety, to 
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have tliem of a proper tension. Tenders are generally 
made sufficient to contain from 700 to 80d gallons ' 
of water, and from 10 to 12 cwt. of coke, this being 
about the necessary expenditure for a 30 mile trip of 
an engine containing 12 inch cylinders and 18 inch 
strokes. An engine of this description, when fully 
equipped with coke and water, is about 12 tons in 
weight, and the tender similarly situated is about 6|. 
The weight of the engine upon the driving wheels is 
about 6| to 7 tons. 



42 XMHilKtOH QK TBB 



PRELIMINARIES 

TO TBS 

CALCULATION OF USEFUL EFFECT 

in 
LOCdMOTIVE ENGINES. 



In order to determine the useful effect of a locomo- 
tive engine, it is necessary to observe that 6 lbs. per 
ton of its own weight is expended in overcoming the 
friction of its parts ; 9 lbs. per ton of gross load for 
horizontal traction and additional friction which is 
caused to the engine by the load ; and 14.7 lbs. per 
square inch, the pressure of the atmosphere. These 
being premised, the following calculations are easily 
determined : 

1. The weight of an engine, tender, and load, being 
given, also the dimensions of cylinders aiid diameter of 
driving wheels, to find the force of steam required to 
overcome that resistance : 

Rule. — To the gross load of the train in tons, mul- 
tiplied by 9, add the friction of the engine, — multiply 
that sum by the diameter of the driving wheels in 



InoheS) divide the jproduct by tlie capaoity of the 
cylinder, end the quotient, plus 14.7, equal the pisseuve 
of the steam in lbs. per square inch. 

'EscAiiFLS^-^Suppose a tittin of dO tons, engine 12, and 
tender 6|, driving wheels 6^ fe^t or d6 inches diameter, 
cylindeiB 12 inches diameter and IB inches sttokes, 
required the pressure of steam per square inch : 

ae + 12 4-6) » 98.5 tteignMS VMidx 9 » 886;$ U>» ttavtioB. 
Friction of esgine 12x6^ 72 

ml 

Diameter of wheels 66 

Cylindett 12« x 18 = 259)63261(24.4 + 14.7 = 38.11 
lbs. per square ioch« 

To ascertidu the pressure of steam necessary, sup- 
posing the engine be required to ascend an incline with 
t^e same load, under similar circumstimces, and at an 
equal velocity : 

Rule 1. Divide 2240, or the number of lbs. in a ton, 
by the inclination of the plane to 1 or unity, to the 
quotient of which add 9, and divide the sum by 9, the 
residt is the effect of gravity upon the plane. 

2. Multiply the pressure of steam required upon the 
horizontal line, minus 14.7, by the effect of gravity 
upon the plane, and the product, plus 14.7, is the force 
of steam required per square inch. 

Suppose the terms as in the last example, and the 
engine has to ascend an incline of 1 in 160. 

2240 _ -^ 

160 "^ ^^ + ^ = 2.55, effect of gravity to 1 of 

horizontal traction. 
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And 38.11 - 14.7 X 2.55 = 62.2 + 14.7 = 76.92 
lbs. per square iuch, before the engine can ascend the 
plane at an equal velocity. 

To determine the diameter of the driving wheels of 
an engine for a given load, when the effective capacity 
of the cylinders and force of the steam are given : 

Rule. — Multiply the capacity of the cylinder in 
inches by the effective force of the steam in pounds per 
square inch, and divide the product by the amount of 
traction, plus the friction of the engine, the quotient is 
the diameter of the wheels in inches. 

Example. — Required the diameter of the driving 
wheels for an engine with 12 inch cylinders and 18 
inch strokes, the effective force of the steam being 50 lbs. 
per square inch, and the weight of the train 200 tons, 
engine 12, and tender 6. 

200 + 12 + 6 = 218 tons gross load. 



And 218 X 9 + 12 X 6 = 2034 lbs. force of traction 
and friction of the engine. 122. ^ 18 x 50 = 129600 
lbs. effective force produced by the steam. Hence, 

129600 



2034 



= 63.7 inches, diameter of wheels. 



Again, how much must this load be reduced, so as to 
enable the engine, under the same circumstances of 
pressure, &c., to ascend an incline of 1 in 140? 

2240 -; 200 

-140 = l«±±= 2.77. And I?? = 72.2 

consequently, 200 — 72.2 == 127.8 tons, the train 
must be reduced. 
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of the effect of a locomotive engine in 
horses' power. 

3. To determine the effect of a locomotive engine in 
horses' power : 

Rule. — Multiply the total resistance in pounds hy 
the velocity in miles per hour, and hy the constant 
numher 2.66, cut off five figures from the right hand 
of the product for decimals, the remainder is the effect 
of the engine expressed in the term horses' power. 

ExAiiPLE. — Required the numher of horses' power 
an engine is equal to when the force of the steam will 
overcome a load of 221 tons, the engine heing 12 tons, 
and tender 7} or gross load 240 tons, at the rate of 14 
miles per hour. 



240 X 9 + 12 X 6 = 2232 Ihs. resistance and friction 
of the engine and train. 

Then, 2232 x 14 x 2.66 = 83.11968 horses' power. 

If the numher of horses' power thus ohtained he mul- 
tiplied by the constant numher 375, the product will be 
a constant number whereby to obtain the velocity of 
any other load by the same amount of power. 

Thus, suppose the horses' power the same as above, 
but the total resistance only 1800 lbs., required the 
velocity : 

83.11968 X 375 ,mo -i , 

= 17.2 miles per hour. 

1800 ^ 

L.S. 1&. 
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ADHESION OF XNOINES* 

The adhesion of engines may be taken as at least 
equal to -j^th part of the weight on the driviog wheels. 
This will enable them to draw in the following pro- 
portions for each ton of the weight resting upon 
them, under the most unfavourable circumstances of 
weather, &c. 



I 



1 in 4480 

1 in 3360 

1 in 2240 

1 in 1680 

1 in 1120 

1 in 1000 

1 in 900 



26.26 
24.21 
23 58 
22.40 
21.33 
20.86 
20.37 






1 in 800 
1 in 700 
1 in 600 
1 in 500 
1 in 448 
1 in 400 
1 in 350 






19.82 
19.14 
18.31 
17.25 
16.59 
15 88 
15.03 



1 in 300 
1 in 250 
1 in 200 
1 in 150 
1 in 100 



I 



14.03 
12.83 
11.37 
9.56 
7.26 



The adhesion of the wheels is frequently least where 
the greatest is required; namely, at depots, stations, 
&c., the whole weight of the train having then to be 
overcome, and motion produced^ for which reasons the 
regulator should never be suddenly opened in starting, 
as a rapid motion of the parts of the engine is only by 
such means obtained, and at a very great risk of derange- 
ment, with little effect upon the train. Strewing the 
rails with sharp sand, when they are dirty or greasy, is 
a means by which adhesion is considerably increased, 
consequently a greater force of steam can be effectively 
admitted, and a proper velocity of the train sooner 
obtained. 
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LOAD AN ENGINE IS QUALIFIED TO TAKE ON 
DIFFERENT INCLINATIONS. 

The quantity of coke required to convert a cubic foot 
of water varies according to the quality, but, on an 
average, may be taken at 9 lbs. per cubic foot ; hence 
the following table exhibits the load and velocity on 
different inclinations, when 60 cubic feet of water per 
hour can be converted into steam : 
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LENGTH OF VARIOUS RAILWAYS IN JUNCTION T 
EACH OTHER. 

London to Liverpool and Manchester, 

London and Birmingham Railway 1 

Grand Junction to Junction with Liverpool and 

Manchester 

From Junction to Liverpool 

Or Junction to Manchester 16, = 

London to Leeds. 

London and Birmingham Railway 1 

Birmingham and Derhy 

North Midland to Leeds 

2 

Leeds to York. 

North Midland to Methley Junction 

York and North Midland to York « « 

London to Brighton. 

London and Greenwich Railway 

Croydon line 

Brighton Railway to Brighton 
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Manchester to Leeds, 

Miles. 
Manchester and Leeds Railway to Junction with 

North Midland 50 

From Junction to Leeds 10| 

60| 

From Junction to York 27 J = 77| 

From Junction to Milford. 14| 

Milford to Selby 6| 

Solby to Hull 30| = lOlf 



Note. — It may be necessary, as the lengths in the 
preceding tables are given in miles, chains, and links, 
to observe, that the chain is composed of 100 links, 
each link being 7.92 inches in length, consequently the 
length of the chain equals 22 yards, or 66 feet, and 
80 chains equal 1 mile. 

Hence, also, 5280 feet, or 1760 yards, equal 1 mile, 
and 1609.3059 French meters = 1 mile. 



t. £. 
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EFFECT OF INCREASING THE DIAMETER OF THE 
WHEELS OF A LOCOMOTIVE ENGINE. 

It is essentially necessary for all who are actively 
engaged with locomotive engines to he well aware of 
the increased velocity and momentum of a train hy an 
increased diameter of driving wheels on the engine, so 
that disappointments in stopping, &c., may he carefully 
avoided ; as for instance, an engine with 5 feet wheels 
will only go one-fourth of a mile by 84 revolutions of 
the wheels ; an engine with 6 feet wheels will proceed 
onwards the same distance by 70 revolutions ; and an 
enginie with 7 feet wheels will make the same advance 
by the wheels only making CO revolutions; conse- 
quently, to ascertain what will eflfect an equal velocity 
of the train, 

Divide the velocity in feet per minute by the circum- 
ference of the driving wheels, also in feet, and the 
quotient will be the number of revolutions of the driving 
wheels to produce an equal velocity of the engine and 
train. 

Thus, suppose an engine with 6 feet wheels, at a 
velocity of 30 miles per hour, or 140 revolutions per 
minute, required the number of revolutions of 7 feet 
wheels, so that the train shall retain an equal velocity. 

5280 X 30 

gT = 2640 feet per minute, and 7 feet dia- 

2640 
meter == 22 circumference nearly ; hence, -xx- = 120 

revolutions per minute, when the wheels are not slipping. 
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CIRCUMFERENCE OF WHEELS. 

A wheel 3 feet diameter equals 9.42 feet circumferetice. 



H 


99 


10.99 say 11 


4 


99 


12.56 


4i 


99 


14.13 


5 


99 


15.7 


5| 


99 


17.27 


6 


99 


18.85 


H 


99 


20.42 


7 


99 


21.99 say 22 



REVOLUTIONS OF VARIOUS DIAMETERS OF WHEELS TO 
RETAIN EQUAL VELOCITIES. 

5 ft. wheels at 15 miles ^ hour= 84 revolutions ^ min. 

6 „ 15 „ = 70 

7 „ 15 „ =60 

5 ft. wheels at 20 miles ^hour= 110 revolutions ^min. 

6 „ 20 „ = 93 

7 „ 20 „ r= 80 

5 ft. wheels at25miles^hour=146 revolutions ^ min. 

6 „ 25 „ =117 

7 „ 25 „ =100 

5 ft. wheels at 30 miles ^ hour=168 revolutions ^ min. 

6 „ 30 „ =140 

7 „ 30 „ =120 

5 ft. wheels at 40 miles ^ hour=224 revolutions W niin. 

6 „ 40 „ =187 

7 „ 40 „ =160 

Those calculations only standing good when the wheels 
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are not slipping upon the rails, which is seldom the case 
after an engine has once attained its proper velocity^ 
that velocity heing always acquired previously to stop- 
ping at any station ; and, although the wheels are hid 
from the view of those standing upon the engine, the 
cross heads are easily ohserved, and sometimes the puffs 
of the hlast pipe can be counted, by which, in either 
case, with a little practice and attention, the rate or 
velocity of a train can be ascertained. 



RESISTING FORCE OF THE ATMOSPHERE. 

The resistance of the atmosphere retards the velocity 
of an engine, and that resisting force increases nearly 
as the square of the engine's velocity, which has been 
proved by experiments for ascertaining the force of the 
wind, and from which the following approximate rule 
has been deduced : 

Divide the square of the engine's velocity in miles 
per hour by 248, and the quotient is the resisting force 
of the air in lbs. avoirdupois per square foot of opposing 
surface. Thus, 

Suppose the velocity of an engine 30 miles per hour, 
302 
^jT = 3.6 lbs. per square foot resistance. 

Or, —^ = .00403, consequently the square of the 
velocity multiplied by .00403 = the resistance ; thus, 
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50* X .004 = 3.6 as before : hence the following 
Table,— 



Velocity 


Resistance 


Velocity 


Kesistanca 


Velocity 


Resistance 


inmUes 


in lbs. avoir- 


in milob 


in lbs. avoir- 


in miles 


in lbs. avoir- 


per 


dupois per 
square foot. 


per 


dupois per 
square ftwt. 


per 


dupois per 


hour. 


hour. 


hour. 


square foot. 


1 


.00403 


21 


1.777 


41 


6.774 


2 


.016 


22 


1.950 


42 


7.109 


3 


.036 


23 


2.121 


43 


7.451 


4 


.064 


24 


2.321 


44 


7.802 


6 


.101 


25 


2.518 


45 


8.160 


6 


.145 


26 


2.724 


46 


8.527 


7 


.197 


27 


2.937 


47 


8.902 


8 


.258 


28 


3.159 


48 


9.285 


9 


.326 


29 


3.389 


49 


9.676 


10 


.403 


30 


3.627 


50 


10.075 


11 


.547 


31 


3.872 


55 


12.190 


12 


.580 


32 


4.126 


60 


14.508 


13 


.681 


33 


4.388 


65 


17.026 


14 


.789 


34 


4.658 


70 


19.747 


15 


.906 


35 


4.936 


75 


22.668 


16 


1.031 


36 


5.222 


80 


25.792 


17 


1.164 


37 


5.517 


85 


29.116 


18 


1.305 


38 


5.819 


90 


32.648 


19 


1.454 


39 


6.129 


95 


36.370 


20 


1.612 


40 


6.448 


100 


40.300 



EFFECTS OF ATMOSPHERIC RESISTANCE ON INCLINED 
PLANES. 

From recent experiments upon planes of different 
inclinations, and with loads of various magnitudes, it is 
found that the rate of acceleration gradually diminishes 
until the train becomes at a uniform velocity, that uni- 
form velocity depending upon the weight, form, and 
magnitude of the train, also the inclination of the plane, 
and atmospheric resistance, the resistance being subject 
to considerable variation at different velocities. Hence,. 

F 2 
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the results of those experiments tend to show that low 
gradients on railways are not altogether attended with 
the advantageous effects which have heen hitherto 
ascrihed to them ; that, on the contrary, the resistance 
produced by steeper gradients can be compensated by 
slackening the speed, so that the power shall be relieved 
from as much atmospheric resistance, by the diminution 
of velocity, as is equal to the increased resistance pro- 
duced by the gravity of the plane which is ascended. 
And, on the other hand, in descending the plane, the 
speed may be increased until the resistance produced by 
the atmosphere is increased to the same amount as that 
by which the train is relieved by the declivity down 
which it moves. Thus, on gradients, the inclination of 
which is confined within practical limits, the resistance 
to the moving power may be preserved uniform, or 
nearly so, by varying the velocity. 

By some recent experiments on atmospheric resistance, 
it was ascertained that surfaces of the same shape, and 
proportionate to each other, as 9, 16, 36, 81, and mov- 
ing with the same velocity, meet with resistance in the 
following proportions : — 

9, 17i 42i, and 104|. 

A very considerable degree of attention requires to be 
paid to an engine on an incluied or undulating railway, 
to see that the boiler is properly filled upon the level or 
descending plane, as may occur, and also the fire well 
filled up and properly burnt through, especially if the 
engine is nearly loaded to the extent of its power, as 
the momentum of the train is soon destroyed upon the 
ascending plane, and, consequently, the effect of the 
blast pipe destroyed. 
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PRODUCTION OF STEAM. 

Steam is water highly rarified by the action of heat ; 
heat is produced by combustion ; combustion is sup- 
ported by oxygen ; and oxygen is one of the elements 
of the atmosphere, of which it constitutes about one- 
fifth. Different species of fuel require diflferent quan- 
tities of oxygen to support their combustion, but it is 
generally estimated that 1 lb. of either coal or coke 
requires about 2 J lbs., or 29 cubic feet of oxygen for 
their complete combustion, for which, 145 cubic feet of 
air must pass through the fire, and also it requires about 
1800 cubic feet for eacli cubic foot of water converted 
into steam. 

Temperature in this country is measured by degrees 
of Fahrenheit's scale, of which the freezing point is 
32°, and boiling point 212°. In France it is measured 
by the Centigrade scale, the freezing point of which is 
0°, and boiling point 100°. 

Elastic force of steam is that degree of power by 
which it is enabled to counterpoise any opposing resist- 
ance above the pressure of the atmosphere, and generally 
estimated in inches of mercury or lbs. avoirdupois ; the 
avoirdupois lb. = .4535 French kilogrammes. The 
elastic force of steam is also sometimes computed by 
atmospheres, the atmosphere being equal to 30 inches, 
or .762 metres of mercury ; or, in other terms, 14.7 
lbs. avoirdupois per square inch, or 11.55 lbs. per 
circular inch. 

ELASTIC FORCE OF STEAM. 

To find the elastic force of steam when in contact 
with the liquid from which it is formed, the temperature 
being given, 
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Rule. — ^Add 51.3° to the temperature, and multiply 
the logarithm of the sum hy 5.13; firom the product 
deduct 10.94123, and find the natural numher answer- 
ing to the remainder as a' logarithm, and this number 
increased by .1 will express the required pressure in 
inches of mercury. 

Suppose the temperature to be 250° Faht., required 
the pressure. 
Temperature 250 
Add 51.3 

301.3 corresponding logarithm 2.47900 
multiplied by 5.13 

12.7172700 
deduct 10.94123 



Corresponding number 59,7 = 1.77604 
To be increased by .1 

Required force 59,8 inch, of mercury 
2.04 inches of mercury = a pressure of 1 lb. avoirdu- 
pois; consequently, 59.8 -f- 2.04 = 29.31 lbs. per 
square inch, 

SPACE WHICH STEAM OCCUPIES. 

To find the volume or space the steam of a cubic foot 
of water occupies when the steam is of a given elastic 
force and temperature, and separated from the liquid 
from which it was generated, — 

Rule. — To the temperature in degrees add 459, mul- 
tiply the sum by 76.5, divide the product by the force 
of the steam in inches of mercury, and the result will 
express the space in cubic feet which a cubio foot of 
water will occupy. 
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Let the force be 4 atmospheres, or 120 inches of 
mercury, and the temperatures 295° Faht., required the 
cubic space the steam will occupy. 

295 + 450 X 76.5 = 57681, and 57681 -i- 120 = 
481 cubic feet. 



EEDUCTION OF STEAM* 

To jfind the quantity of water at a given temperature 
necessary to reduce steam at a given temperature to 
water of a given temperature. 

Latent heat of steam = 1000° Faht. 

f 

Suppose it be required to reduce steam at 220° to 
water at 100° by water at 52°, required the quantity to 
any given quantity of steam. 

1000 + 220 - 100 ^^ ^ . , . ^ 
-— = 23.3 times the quantity of water 

to that of which the steam was produced. 

Again, suppose steam at 220° to be reduced to water 
at 180°, by water at 52°, or the ordinary temperature 
of the atmosphere, required the quantity. 

1000 + 220 - 180 ^ . ^ . ^ . 
-— — = 8 times the quantity that pro- 

loU "^ 0£i 

duced the steam. 
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TABLE CONTAINING TARIOUS PROPERTIES OF 
STEAM. 



Elastio 








Volume of 


force in lU 


Elastic force 


Elastic force 


Temperature 
in degrees 


steam 


avoird. 


in lbs. avoiidu- 


in inches 


compared to 


^'inX" 


polsper 


of 


of 




square foot. 


mercury. 


Fahrenheit. 


of water. 


14.7 


2116.8 


30 


212 


1700 


15 


2160 


30.60 


212.8 


1669 


16 


2304 


32.64 


216.3 


1573 


17 


2488 


34.68 


219.6 


1488 


18 


2592 


36.72 


222.7 


1411 


19 


2736 


3a76 


225.6 


1343 


20 


2880 


40 80 


228.5 


128! 


21 


3024 


42.84 


231.2 


1225 


22 


3168 


44.88 


2338 


1174 


23 


3312 


4692 


236 3 


1127 


24 


3466 


48.96 


2387 


1084 


25 


3600 


51.00 


241.0 


1044 


26 


3744 


53.04 


243 3 


1007 


27 


3888 


55.08 


245.5 


973 


28 


4032 


57.12 


247.6 


941 


29 


4176 


59.16 


249.6 


911 


30 


4320 


61.21 


251.6 


883 


31 


4464 


63 24 


2536 


857 


32 


4608 


65.28 


2555 


833 


33 


4752 


67.32 


267.3 


810 


34 


4896 


69.36 


259.1 


788 


35 


5040 


71.40 


260.9 


767 


36 


5184 


73.44 


2626 


748 


37 


6328 


7548 


264.3 


729 


38 


5472 


77.62 


265.9 


712 


39 


5616 


79 56 


267.5 


695 


40 


5760 


81.60 


269.1 


679 


41 


5904 


83.64 


270.6 


664 


42 


6048 


85.68 


272.1 


649 


43 


6192 


87.72 


273.6 


635 


44 


6336 


89.76 


276.0 


622 


45 


6480 


91.80 


276.4 


610 


46 


6624 


93.84 


277.8 


598 


47 


6768 


95.88 


279.2 


586 


48 


6912 


97.92 


^80.5 


575 


49 


7056 


99.96 


281.9 


564 


50 


7200 


102.00 


283.2 


554 
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Elastic 








Volume of 


force in lbs 




Elastic force 


Temperature 
in degrees 


steam 


ayoird. 


in lbs. ayoirdu- 


in inches 


compared to 


poraquare 


poiaper 


of 


of 


the Tolume 


inch. 


square foot 


mercttiy. 


Fahrenheit 


of water. 


51 


7344 


104.04 


284.4 


644 


62 


7488 


106.08 


285.7 


534 


53 


7632 


108.12 


286.9 


526 


54 


7776 


110.16 


288.1 


516 


55 


7920 


112.20 


289 3 


508 


56 


8064 


114 24 


290.5 


500 


57 


8208 


116 28 


291.7 


492 


58 


8352 


118.32 


292.9 


484 


59 


8496 


120.36 


294.2 


477 


60 


8640 


122.40 


296.6 


470 


61 


8784 


124.44 


2969 


463 


62 


8928 


126.48 


298.1 


456 


63 


9072 


12a52 


299.2 


449 


64 


9216 


130.56 


300.3 


443 


65 


9360 


132.60 


.'U)1.3 


437 


66 


9504 


134.64 


302.4 


431 


67 


9648 


136.68 


303.4 


426 


68 


9792 


138.72 


304.4 


419 


69 


9936 


140.76 


306.4 


414 


70 


10080 


142.80 


306.4 


408 


71. 


10224 


144.84 


307.4 


403 


72 


10368 


146.88 


30a4 


398 


73 


10512 


148.92 


30U.3 


393 


74 


10656 


150 96 


310.3 


388 


75 


10800 


153.02 


311.2 


383 


76 


10944 


155.06 


312.2 


379 


77 


11088 


157.10 


313.1 


374 


78 


11232 


159.14 


314.0 


370 


79 


11376 


161.18 


314.9 


366 


80 


11520 


163.22 


316.8 


362 


81 


11664 


165.26 


316.7 


358 


82 


11808 


167.30 


317.6 


354 


83 


11952 


169.34 


318.4 


350 


84 


12006 


171.38 


319.3 


346 


85 


12240 


173.42 


320.1 


342 


86 


12384 


175 46 


321.0 


339 


87 


12528 


17750 


321.8 


335 


88 


12672 


179 54 


322.6 


332 


89 


12816 


181.58 


323.5 


328 


90 


12;i60 


183.62 


324.3 


325 


. 91 


13104 


185.66 


325.1 


322 
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Volume of 


force in lbs 


Elastic fbrce 


Elastic force 


Temperature 
in degrees 


steam 


avolrd. 


in lbs. avoirdu- 


in inches 


compared to 


per square 


pois per 


of 


of 


the Tolume 




square foot. 


mercury. 


Fahrenheit. 


of water. 


92 


13248 


18770 


325.9 


319 


93 


13392 


189.74 


326 7 


316 


94 


13536 


191.78 


327.5 


313 


95 


13680 


193.82 


328.2 


310 


96 


13824 


195.86 


329.0 


307 


97 


13968 


197.90 


329.8 


304 


98 


14112 


199.92 


330.5 


301 


99 


14256 


201.96 


331.3 


298 


100 


14400 


204.0 


332.0 


295 


110 


15840 


224.4 


339.2 


271 


120 


17280 


244.8 


345.8 


251 


130 


18720 


265.2 


352.1 


233 


140 


20160 


285.6 


357.9 


218 


160 


21600 


306.6 


363.4 


205 


160 


23040 


326.4 


368.7 


193 


170 


24480 


346.8 


373.6 


183 


180 


25920 


367.2 


378.4 


174 


190 


27360 


387.6 


382.9 


166 


200 


28800 


408.0 


3«7.3 


158 
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OF THE SAFETY VALVES. 

Each locomotive engine is, or ought to he, furnished 
with two safety valves, the diameters of which may be 
determined by the following: — 

To determine the dimensions of the safety valves for 
a locomotive engine : 

Rule. — To the heating surface of the fire box, in 
square feet, add one- third the surface of the tubes, 
divide the sum by 13, and the square root of half the 
quotient equal each valve's diameter in inches at the 
narrowest part 

Suppose the heating surface in the fire box of a loco- 
motive engine equals 50 square feet, and tube surface 
360 or Jrd = 120, the engine to have two valves, re- 
quired the diameter of each. 

50 + 120 

j^ = 13.07 ^ 2 = V^-535 =t 2.55 inches 

diameter each. 

fusible alloys for safety plugs in boilers. 
An alloy of Faht. 

Lead 1 part, tin 3 parts, bismuth 5 parts, melts at 212^ 
Lead 1 „ tin 4 „ bismuth 5 ,, 246 

tin 1 „ bismuth 1 „ 286 

tin 2 „ bismuth 1 „ 336 

Lead 2 „ tin 3 „ „ 334 

tin 8 „ bismuth 1 „ 392 

Fusible points of the metals of which the alloys are 
composed — 

Lead 612^ 

Bismuth 506 

Tin 442 

L. E. « 
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OK THE BURSTING OV BOILERS. 

On the bursting of boilers, the generally-received 
opinion seems to be, that a sufficient quantity of gas 
to create injury cannot be formed, and that the chief 
cause is a sudden excess of steam, caused by some 
parts of the boiler becoming heated to a maximum 
degree of evaporization, while the engine is not at work, 
and the safety valve not being sufficiently large to allow 
an escape equal to the accumulation. On this account 
the steam acquires a greater degree of density, and the 
plates become heated, so that the instant the engine is 
started to work the boiler is relieved, and very probably 
the water rises or ferments upon the sides of the boiler, 
by which a greater surface is formed for accumulation. 
This may occur long before the plates of the boiler 
arrive at a degree of red heat, which would be more 
likely to lessen the tendency than assist it, which has 
been shown by experiments made for that purpose at 
the Franklin Institute of Pennsylvania; and, besides 
these, much older experiments testify that water will 
not evaporate so soon upon metal heated to a high 
degree, as it will by a degree of heat which is much 
sooner attained. Thus, a drop of water used to be the 
instrument by which the temperature of maximum eva- 
poration was determined ; and also by the American 
experiments it was shown that a drop of water upon 
polished copper took 210 seconds to be wholly converted 
into vapour, when the surfece of the metal was at a 
temperature of 445°, whereas a like quantity was eva- 
porated in 3 seconds at a temperature of 292° ; and 
when the copper was in the worst state of oxidation, the 
maximum point of evaporation was only 348°, which is 
soon attained, and at that point in that state the same 
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quiantity of water was evaporated in one-fourth of a 
second. 

In iron the temperature suffered hut little variation, 
whatever was the condition of the metal, except it was 
very highly oxidated, and then its highest evaporating 
points were only ahout S5^ above copper in the same 
condition. The time varied nearly in the ratio of the 
conducting power of the metals, heing ahout 2| to 1, 
the copper requiring the least. 

It was also shown hy these experiments that either 
hot or cold water injected into an engine hoiler in its 
average state of oxidation, and heated to bright redness, 
no hydrogen gas was produced ; but, that the resulting 
gas was nothing more than atmospherical air, deprived 
by the heated metal of more or less of its oxygen ; that 
is to say, nitrogen more or less pure, according to the 
quantity of oxygen wliich has been absorbed, atmo- 
spheric air being composed of |ths nitrogen and ^th 
oxygen 

A recent occurrence at Newcastle seems fully to have 
established the fact of steam being highly charged with 
electricity, and which may ultimately be the means of 
increasing our knowledge on the subject of explosions ; 
in the meantime, it is essentially necessary that constant 
precaution be maintained, by a careful examination of 
the safety valves, and more especially when the boilers 
are getting into a decayed state. In all cases of stand- 
ing, when the steam is at its maximum height, one of 
the valves ought to be constantly eased, and the engine 
in no case suddenly started. Locomotive boilers, I con- 
sider, are not so liable to explode under such circum- 
stances ; but it is well known, that if steam be con- 
finedy and evaporation still going on, it very soon 
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acquires a high degree of density by small excesses of 
heat, as may be observed by the following table : — 



Elastic 






Elastic 






force in lbs. 


Temperature 




force in Ibe. 






per sq. inch 


in 


Difference of 


per »q. faich 


in 


Difference of 


above the 


degree* of 


or inereaae of 


above the 


degrees of 


or increase of 


ktmosphere 


Fahrenheit 


temperature. 


atmosphere 






50 


301.3 





90 


335.7 


3.7»F. 


55 


306.4 


5.1T. 


95 


339.2 


3.5 


60 


311.2 


4 8 


100 


3426 


3.4 


65 


315.8 


4.6 


105 


345.8 


3.2 


70 


3201 


4.3 


110 


348.9 


3.1 


75 


324.3 


4.2 


i 115 


351.9 


3.0 


80 


328.2 


3.9 


120 


354.8 


2.9 


85 


332.0 


3.8 









QUALIFICATIONS AND DUTIES OF LOCOMOTIVE ENGI- 
NEERS, ENGINE DRIVERS, STOKERS, &C. 

Locomotive engineer is a term applied to any person 
entrusted by the directors of a railway to superintend, 
and see kept in proper condition, the whole of the loco- 
motive department, so that the company^s benefit, and 
safety of the public, may be in some measure insured ; 
consequently, any man filling this situation is highly 
responsible, and ought to be properly qualified. 

1. He ought to be thoroughly acquainted with the 
nature of steam, its production, properties of expansion, 
calculation of effect, &c., so that he maybe enabled in 
all cases to perform his duty with confidence, and, by a 
competent knowledge, be prepared to answer public or 
private demands when required. 

2. He ought to be theoretically and practically ac- 
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Attainted wkh locomotive engines, the nature of the 
parts as a mechamcal arrangement, and the application 
of steam as a motive power, so that, by his mechanical 
acquirements, he may be properly qualified to set or 
arrange the parts whereby to produce the greatest me<* 
chanical effect; and also, by his practice, may have 
acquired a competent knowledge of those parts most 
liable to derangement, by which he may be enabled to 
apply to them some efficient means of protection, which, 
probably, might not be considered necessary by those 
not practically acquainted with the incidents that he* 
quently occur in locomotive engines. 

3. He ought also to be properly acquainted with the 
nature of the materials of which an engine is composed, 
the quality of such materials, the proportionate strength 
that one metal bears to another, the rubbing of metals, 
by which friction is produced, &c., so that unnecessary 
strength may not be applied where it might tend to pull 
another part to pieces, and oil economized where lubri* 
cation is required. 

4. It is also essentially necessary that a locomotive 
engineer be possessed, to a certain degree, of mathema<* 
tical acquirements, so as to enable him to determine 
the amount of load that may be attached to an engine 
with safety, that it may be enabled to keep clear of any 
following train. He should also set positive bounds to 
the ^gme drivers in nearing any station or stopping 
place, where the steam must be shut off. 

5. His duties, of course, are an application of his 
qualifications, joined with strict attenti(Hi and dose 

o2 
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investigation, having a particular eye to cleanliness, 
and he should, if possible, never allow an engine to go 
out when uncertainty is exhibited in any of its parts. 

6. Another important duty of a locomotive engineer 
is impartiality in selecting steady and efficient men for 
the various duties to which they are required, and to 
show to the directors that a trifle more paid for proper 
qualifications is soon returned by means of public 
estimation. 



DUTIES, &C., OF EKGINE DRIVERS. 

1. They ought to be active sober men, and not 
afflicted with any bodily ailment, as shortness of sight, 
deafness, fits, faintings, &c., whereby the lives of pas- 
sengers are endangered beyond the reach of their control. 

2. They ought to be perfectly familiar with all the 
various parts of a locomotive engine, so that, by watch- 
ful care, they may be the means of preventing, in many 
instances, any particular loss or material expense which 
might occur with a person unqualified) and not knowing 
the result of delay. 

3. They ought to be men of strong nerve, and affable 
manners, so that, if any accident occur to an engine, 
causing a stoppage on some desolate part of the line, he 
may, in a great measure, prevent dissatisfaction amongst 
the passengers, by his active endeavours and intelligent 
conversation. 

4. Their daily duties are, strict attention to their 
engines, — a careful look out upon the line, — and punc' 
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tual attention to the signals, whereby order is main- 
tained, and safety secured. 

DUTIES OF STOKSBS. 

The duties of stokers are very similar to those of 
engine drivers, and they ought to possess similar bodily 
qualifications ; indeed, their duties are so much alike, 
that the term stoker might with propriety be changed 
to sub-engine driver. Their particidar duties at each 
end of a journey are, to see the fire properly cleaned 
and filled up, the tubes swept, the engine cleaned and 
properly lubricated, the tender supplied with the neces- 
sary quantity of coke and water, by which the return 
journey may be resumed with safety, during which 
time they must attend to the fire, keep a good look out, 
and attend to the break. 

These constitute the chief outlines of the various 
duties and qualifications of locomotive engineers, engine 
drivers, and stokers ; but there are other minutiae to 
which they must attend, which can only be ascertained 
by practice from particular localities, and by the laws 
of the different railways and companies to which they 
belong. 

8IGKALS« 

Signals in general use upon railways, and which must 
be attend to : 

A small red flag stuck in the ground upon the left 
side of the line the engine is upon signifies to go easy, 
that all is not right. 

A red flag at the station by day, or a red light exhi-^ 
bited by a lantern at night, is to signify that passengers 
are waiting, and the train must be stopped* 
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A white flag at a station by day, or a white light 
exhibited by a lantern at night, signifies — no person 
waiting, — all right, — go on with safety. 

A green flag exhibited by day, or a green light at 
night, signifies — to proceed cautiously — another train 
is immediately before. 
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TABLES OF PARTICULAR UTILITY iN 
MECHANICAL CALCULATIONS. 



1. — PROPERTIES OF METALS. 



Kambs or 


Qtmiiy 


IK 

i« 3i ^ 
ill 


Is ^ 




5 -^ 




Iron, Cast**..,* 
If on. Wrought 
Steel »*P... 


7271 
7631 
7833 

8315 
7190 
U344 
7292 


3.12 
3*33 

3.64 

aa5 

4*03 

aio 


2.45 
2.61 
2,67 
3.02 
2,39 

3.e7 

2.46 


45B7 

700 

612 

442 


a4 

25,0 

57.0 

12.0 

7A 

0.8 

2.3 


iai6 

17.06 

4.31 

1.00 
L44 


Zinc * 


Lead 


Tto... "" 





Iron, Tin, and Zinc, each possess the property, at a red 
heat, of decomposing water : the other metals do not effect 
water at any temperature. 

The hiction of brass on wrought iron without unguents, 
equal about -f th of the whole weight or pressure upon the 
surface.*-.Cast iren en cast iron Ithn— Brass on Brass -^th.— . 
Cast iron on brass |th, and brass on steel ^th. 
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Cubic inches of 
Cast Iron... x .263 or cylindrical inches x .2065=: lbs. avoird* 

Wrgt. Iron x .276 „ „ x .2168 „ 

Steel X.283 „ „ x .2223 „ 

Copper x .3225 „ „ x .2633 „ 

Brass x .3037 » t> x .2385 „ 

Zinc X .26 „ „ X .2042 „ 

Lead x .4103 „ „ x .3223 „ 

Tin X .2636 „ „ x .207 n 

Mercurj x .4908 „ „ x .3854 „ 

i^aOPOBTIOKS OF WEIGHT WHICH VAKIOUS METALS BEA& TO 
EACH OTHER. 

Wrought iron being 1 

Cast Iron = .96 

Steel = 1.03 

Copper = 1.17 

Brass = 1.1 

Lead = 1.48 

426 cubic inches of cast iron = 1 cwt., and 8520 or nearlj 5 

cubic feet= 1 ton. 

Avoirdupois lbs. multiplied bj .009 = cwts., and avoirdupois 

lbs. multiplied bj .00045 = tons. 



2, — AFPBOXIMATE KUMBEBS. 

Yards multiplied bjr .000568 = miles. 

Feet 00019 = 

Square inches multiplied bj .007 = square feet. 

Cubic inches 00068 = cubic feeU 

Cubic feet 03704 = cubic yards. 

Circular inches 00546 = square feet. 

Cylindrical inches .v 0004546 = cubic feet. 

Cylindrical feet 02909 = cubic yards. 

Square yards 0002067 = acres. 

183.346 circular inches = 1 square foot, and 2200 cylindrical 
. inches =1 cubic foot. 
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French metres multiplied by 3.281 a English feet. 

litres 2202 n imp. gallons. 

grammes 002205 a= avoirdupois lbs. 

kilogrammes 2.205 ^ 

Weight of a cubic foot of common water 62.5 lbs. avoirdupois 

cylindrical foot 49.1 ••• 

cubic inch 03617 

cylindrical inch 02842 

lineal foot 1 inch square 434 

lineal foot linch diameter... .341 

An imperial gallon of common water ±s 10 

11.2 imperial gallons = 1 cwt. 

224 sal ton. 

1.8 cubic feet ss 1 cwt. 

35.84 = 1 ton. 

1 cubic foot as 6.25 imperial gallons. 

1 cylindrical foot = 5 

Cubic feet multiplied by 6.232, or cubic inches multiplied 
by .003607 = Imperial gallons. 

WEIGHT OF A SUPERFICIAL FOOT OF WKOTTOHT IRON PLATES 
IK LES. AVOIRDUPOIS, THE THICKNESS IN PARTS OF AN 
INCH. 

V, = 241b8., ^=: 74 lbs., T*ir =^ 124 lbs., TV = 1741b8. 

4=5 lbs., 4 = 10 lbs., f =s 15 lbs., 4 = 20 lbs. 

I =»25 lbs., 3 «=30 lbs. 

WEIOHT OF A SUPERFICIAL FOOT OF ERASS AND COPPER 
PLATES, IN LES. AVOIRDUPOIS, THE THICKNESS BT THE 
BIRMINGHAM WIRE GAUGE. 

■ Brass, 
No. 10 = 6.18 lbs. No. 13 = 4.12 lbs. No. 16 = 2.75 lbs. 
No. 11 = 5.5 lbs. No. 14 = 3.43 Ibr. No. 18 = 2.04 lbs. 
No. 12 = 4.81 lbs. No. 15 = 3.1 lbs. 

Copper* 
No. 10 = 6.5 lb?. No. 13 = 4.34 lbs. No. 16 = 2.9 lbs. 
No. 11 = 5.8 lbs. No. 14 ==: 3.6 lbs. No. 18 ^ 2.151b?. 
No. 12 = 6.08 Ibi. No. 15 = 3.27 lbs. 
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A TABLE CONTAINING THE SQUARE IN INCHES, SQUARE 
IN FEET, AREA IN INCHES, AND AREA IN FEET OF 
CYLINDERS FROM 12 TO 16 INCHES DIAMETER, AND 
ADVANCING BY AN EIGHTH. 











Area in 


Dla- Square 


Square 


Area 


Area 


French 


Dieter, in Inches. 


in feet. 


in inches. 


in feet. 


sqiuure 
metres. 


12 in. 


144 


1 


113.0976 


.7854 


.07296 


1 




147.0156 


1.0291 


115.4660 


.8082 


.07608 






150.0625 


1.0504 


117.8590 


.8249 


.07663 






153.1406 


1.0719 


120.2766 


.8418 


.07820 






156.25 


1.0937 


122.7187 


.8589 


.07979 






159.3906 


1.1157 


125.1854 


.8762 


.08139 


. 




162.5625 


1.1379 


127.6765 


.8937 


.08302 


i 




165.7656 


1.1603 


130.1923 


.9113 


.08466 


13 


n. 


169 


1.1830 


132.7326 


.9217 


.08562 


. 




172.2656 


1.2058 


135.2974 


.9470 


.08797 


'. 




175.5625 


1.2289 


137.8867 


.9651 


.08965 






178.8906 


1.2522 


140.5007 


.9834 


.09136 






182.25 


1.2757 


143.1391 


1.0019 


.09307 






185.6406 


1.2994 


145.8021 


1.0205 


.09480 






189.0625 


1.32S4 


148.4896 


1.0394 


.m56 






192.5156 


1.3476 


151.2017 


1.0584 


.09832 


14 


n. 


196 


13720 


153.9384 


1.0690 


.09931 






199.5156 


1.3966 


156.6995 


1.0968 


.101K9 






203.0625 


1.4214 


159.4852 


1.1163 


.10370 






206.6406 


1.4464 


162.2956 


1.1360 


.10663 






21025 


1.4717 


165.1303 


1.1558 


.10737 






213 8906 


1.4972 


167.9896 


1.1759 


.109*24 






217.5625 


1 5229 


170.8735 


1.1961 


.11111 






221.2666 


1.5488 


173.7820 


1.2164 


.11300 


\5w. 


225 


1.5760 


176.7150 


1.2271 


.11399 


1 


228.7656 


1.6013 


179.6726 


1.2676 


.11683 




232.5625 


1.6279 


182.6545 


1.2785 


.11877 




236.3906 


16547 


185.6612 


1.2996 


.12073 




240.25 


1.6817 


188,6923 


1.3208 


.12270 




244.1406 


1.7089 


191.7480 


1.3421 


.12468 




248.0625 


1.7364 


194.8282 


1.3637 


.12668 


• 


252.0156 


1.7641 


197.9330 


1.3856 


.12871 


16 in. 


256 


1.7920 


201.0624 


1.3962 


.12970 
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REMARKS ON THE CONSTRUCTION OF RAILWAYS. 

It is of the utmost practical utility in the construction 
of railways, that they should be as straight and level as 
possible, decidedly giving way to a trifling augmentation 
in length, with gentle curves, rather than introduce 
heavy inclines, of any material length, the injurious 
effects of which have been fully demonstrated by the 
unprofitable working of the Leeds and Selby line. 

From Selby, this line is nearly level for about 6^ miles, 
on which engines with 12 inch cylinders, 18 inch stroke, 
and 5 feet driving wheels, pan easily transport 30 loaded 
waggons, each about 4^ tons in weight, or gross load of 
about 135 tons, not including engine and tender ; but on 
arriving at the end of this 6| miles, an incline com- 
mences, of about 7 miles in length, having a rise of 1 
in 137, or nearly 39 feet per mile, and on which the 
same description of engine can take no more than ten 
waggons at an equal velocity, with safety to keep clear 
of after trains. 

In the first outset of this line, it was contended in its 
favour, that the principal transport of heavy goods was 
down the incline, and empty waggons or lighter goods 
in return, but practice has declared this to be of little 
advantage, as the amount of wages for breaksmen, and 
the danger arising from accumulated momentum of the. 
train, more than compensated for the extra expense of 
fuel upon a level line, which could have easily been 
obtained, and which has been ultimately and advan- 
tageously opened through, by the York and North 
Midland Company; its extra length, from Selby to 
Leeds, being only about 3 miles. 

L. E. H 
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It is at present contended by some of our most 
celebrated engineers, that a series of severe gradients, 
varying from 30 to 40 feet per mile, is, and may be, 
advantageously introduced, for which the North Union 
Kailway has been quoted in support of the assertion, 
5 miles of which out of 22 being gradients of 1 in 100, 
and worked at less expense than the Grand Junction 
Railway. This, I have no doubt, is, and may be, the 
case, where short gradients can be obtained, the 
loads generally light, and where a velocity can be 
maintained of at least 30 miles per hour ; but I have 
no hesitation in asserting it as my opinion, that on a 
level line of railway there is considerably less danger, 
and less expense for locomotive power, than on any 
other. 

Another essential property a railway ought to possess 
is stability, for which reason the nature of the soil and 
the probable weight of the trains ought to be properly 
considered. Where the earth is firm and stone at hand, 
blocks of about 2 feet square and 1 foot in thickness 
may be laid three feet from centre to centre, on which to 
support rails of at least 60 lbs. per yard, with advan- 
tage ; but where the ground is soft, the blocks sink by 
the vertical weight of the trains and deflection of the 
rails ; they also become loosened by the lateral pres- 
sure, or oscillating motion of the engines : when such is 
the case, a considerable degree of expense is constantly 
incurred by having to remove the earth from around 
the stones. 

Sleepers, or cross sectional pieces of timber, are alto 
liable to give frequently very unequal support to the 
rails ; but on account of not having the earth to remove, 
they are much easier to repair; and again, two chairs 
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being placed on each piece of timber, or sleeper, the line 
is not so easily affected by lateral pressure ; but I should 
say that continued bearings of timber possess a degree of 
firmness superior to either the one or the other of the pre- 
ceding, first, because being one continued bearing, by 
-which the rails are equally supported throughout, and 
also the timbers being bound together, by cross sectional 
pieces, they are not so liable to sink, or become loosened 
by either vertical or lateral pressure ; and secondly, the 
timbers being straightened upon the upper side to a broad 
flat surface, admits of rails which constitute both chairs 
and rails, consequently, they are considerably lowered 
in height, and the lateral pressure of the engines more 
firmly resisted. 

As there is only one railway at present in this country 
of that description, namely, the Great Western, it may 
not be out of place to notice the mode of its construc- 
tion, which is as follows : 

The width between each rail, or what is generally 
termed the gauge of the rails, is 7 feet, other lines being 
in general 4 feet 8| inches. 

At every 15 feet in length along this line of railway, 
beech piles are driven into the ground, at 15 feet apart 
transversely ; in cuttings, they are driven into the 
ground from 8 to 10 feet, according to the nature of the 
soil ; and in embankments, they are generally made of 
sufiicient length to pass through the embankments, and 
8 or 10 feet into the original ground on which it is 
raised. 

To these piles double and single transverse ties, or 
sleepers of American pine, are attached in the following 
manner : — A square recess is cut 1| inches into the pile 
on one side for single ties, and on the both sides for 
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double ones. The single ties are 6 inches broad and 9 
inches deep ; the double ties are 6 inches broad and 7 
inches deep ; each being securely fixed to the piles by 
bolts. On. these sleepers are laid longitudinal timbers of 
American pine, 15 inches broad and 7 inches thick, and 
bolted firmly to each other ; and thus the line is of one 
continued frame from end to end. The line is then 
ballasted, and the longitudinal timbers packed, or rlun- 
med in the usual manner, with fine sand or gravel, until 
each 15 feet length is raised in the middle about half an 
inch ; the timber is then planed to a uniform sur&ce, 
after which planks of elm, oak, or ash 1^ inches thick 
and 8 inches in breadth is fixed down by spikes ; the 
upper surface of the planks are afterwards planed, so as 
to slope inwards about f ths of an inch ; and to these 
planks the rails are screwed, with a thickness of felt 
imdemeath, by which means the unpleasant rumbling 
noise so justly complained of on many raOways, in oil 
this almost completely avoided. 

One decided advantage acquired in this form of con* 
struction consists in the piles being a constant retaining 
power, holding the road down against the packing, which 
has always a tendency to raise it up. It is asserted that 
the earth may be rammed under the timbers until the 
upwaid pressure, or resisting force, equal about one ton 
per square foot, — Hence the following advantage over 
stone blocks: — A stone oftheusual description employed . 
for that purpose contains about 4 cubic feet, and weighs 
only about a quarter of a ton, and suppose the impact with 
which the stone is forced into its seat be taken into 
account, which is a very uncertain quantity, but say half a 
ton, leaves a very decided claim in favour of longitudinal 
bearings. 
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The timber used in a mile of this railway is about 420 
loads of pine, and 40 loads of hardwood. Of iron, 6 
tons of bolts, and 30,000 wooden screws, 2 inches in 
length. The rails are about 44 lbs. per yard, but 
evidently too light, and would be much better from 50 
to 55. In the present form, the cost per mile from 
London to Maidenhead, including laying, ballasting, 
sidings, draining, &c., is stated at £9,200 per mile, 
railways of other or more common descriptions having 
cost £10,000, and varying, with un&vourable circum-^ 
stances, to £50,000 per mile, as exhibited in the following 
table. 





Estdniate, Cost 


Kojai 
Assent 


CaplUU 
Cost. 


Ballochney 


£ 

18,431 

30.(W0 

70,125 

28,479 

510,000 

100,000 

300,000 

210.000 

90,000 

204,000 

7,500 

2,500.000 

400,000 

1,040,000 

80,000 

80,000 

1,000,000 

102.000 

140.000 

110,000 


£ 

38,431 

170,000 

I3iJ,053 

148,195 

1^465,000 
500,(K)0 
750,000 
310000 
175,000 
650,000 
38.700 

5,500,000 
733,a33 

1,006,000, 
135.000 
130,000 

I,860,tK}0 
256,000 
575,000 
336,000 

Mpfin 


May, 1826 

dS; 

Do. 

Do. 
May, 182B 
May, 1823 
May, 1630 

Do. 
Auff., 1831 
ApriJ, 18.^ 
May, 1833 

Do; 

^ Do. 
June, 1834 
July, - 
Auff^ — 1 
June, 1835 

Do, isae 


2.09 

5.67 

J. SO 

5J2 

2M 

3.00 

2.50 

1.153 

1.94 

3A9 

5.35 

2.20 

1.83 

1.84 

1.69 

1.63 

1.86 

2.51 

4.12 

3.05 

2.79 1 


Dundee and Newtyle..r 
Edinburgh & Dalk«i}:h.. 
O^aigoir& Gj^rnkirh... 
Liverpool & Mflnc heater 
ClarfiHCe ,.. 


NewcMtle & Carlifll^..., 
ti#edfl and Selby.. .*....♦. 


Lei ceater& ^ wan niDgten 
Manchester and Bolton. 
Belfajt and CavebilL...., 
London ds Birmingham. 
Landoa and Qre^avich, 

Grand Junction 

Whitby and Pickering,. 

DuthaiD Junction... 

Sfluth-^WMtflTn ,,. . ,,.,,.,,. 


Dlrham 4 SunderJand,, 
London and Cfojdon.H. 
BrandJing J unctioo ...,., 



Part of the Hull and Selby line of rulway is of a 
similar construction to the Great Western, but without 
H 2 
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the piles, and is said to give entire satisfaction, liende a 
comfortable road -with a considerable degree of saving 
in the first cost* 

The angle of repose upon railways, or that incline on 
-which a carriage would rest in whatever situation it was 
placed, is said to be at 1 in 280, or nearly 19 feet per 
mile ; at any greater rise than this, the force of gravity 
overcomes the horizontal traction, and carriages will not 
rest, or remain quiescent upon the line, but will of them-* 
selves run down the line with accelerated velocity. The 
angle of practical effect is variously stated, ranging from 
1 m 75 to 1 in 330. 

The width of land required for a railway must vary 
with the depth of the cuttings and length of embank- 
ments, together with the slopes necessary to be given 
to suit the various materials of which the cuttings are 
composed : thus, rock will generally stand when the 
sides are vertical ; chalk varies from ^ to 1, to 1 to 1 ; 
gravel 1^ to 1 ; coal 1^ to 1 ; clay 1 to 1, &c, ; but 
where land can be obtained at a reasonable rate, it is 
always well to be on the safe side. 

The following table is calculated for the purpose of 
ascertaining the extent of any cutting in cubic yards, for 
1 chain, 22 yards, or 66 feet in length, the slopes or 
angles of the sides being those which are most in general- 
practice^ and formation level equal 30 feet. 
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SLOPES 1 TO 1. 



Beplh 


Hiir 




Can tent of 


Crtutcnt of 


Con tent; Df 




of 


wUtlh 


Oonten t In 


1 pflrptadi- 


S perptjjidl- 
cuUr f^i iu 


6 porpfHtlii- 




cutUoj; 


utop 


mibio jftrda 


oui^r f4w In 


culAr fijDt io 




in ffi9i. 


tji f^t. 


p^f GtuIlL. 


bnidttL 


bnndiUL 


breadth. 




1 


16 


75 78 


2 44 


7,33 


J4 67 




2 


17 


156 42 


4 89 


14.67 


29 33 




3 


18 1 


242.1KI 


7.33 


22iKl 


44.00 




4 


19 


333.44 


9 78 


29.33 


58.67 




5 


20 


427.78 


12.22 


36.67 


73,33 




6 


21 


528 00 


J4 67 


44 00 


B3M 




7 


23 


63311 


UAl 


6K33 


102.67 




8 


23 


74311 


1356 


£8.67 


1J7 33 




B 


24 


858 00 


2i0f) 


66.00 


1 3-2,00 




10 


25 


97778 


24 44 


73 33 


146.67 




n 


20 


lHl-2 44 


2Gm 


Ey.67 


161 33 




12 


27 


l2;i'JJ^0 


w :^3 


88.00 


176.00 1 




13 


2S 


IBi;<J44 


31.78 


95-33 


190 67 




14 


29 


150,^ 78 


342'2 


hl3.67 


205.33 




15 


30 


1650(10 


36t)6 


110,00 


2^20 00 




16 


31 


17U9U 


3911 


117.33 


234.67 




17 


31 


1953 U 


4i 55 


12J.67 


249.33 




18 


33 


2112 00 


43 99 


332,{K) 


264.00 




Ifl 


U 


2'i75.78 


46.44 


139,33 


278,07 




20 


35 


2444 44 


48 89 


146.67 


293.33 




21 


m 


20] a 00 


&]M 


154.00 


30H.tlO 




22 


37 


2796 44 


53J7 


161.33 


322,67 




2a 


3a 


29/9 7S 


56 21 


168.67 


337 33 




24 


39 


31^00 


58 66 


176.00 


352 OO 




25 


4U 


336L.11 


61.10 


J83,:i3 


366.67 




^ 


4t 


3.^9 11 


^li5S 


190.67 


381,33 




27 


42 


3762 00 


65 99 


198.(30 


396 00 




20 


43 


3969 78 


68.4;i 


205.33 


410.67 




29 


44 


418-^,44 


7v 88 


21 '2,67 


425.33 




30 


45 


4400 00 


73,32 


220.00 


440.0U 




31 


43 


46J2 44 


75.77 


2-27.33 


45-1.67 




32 


47 


4849.78 


782-2 


234.67 


469 33 




33 


in 


508-^.00 


80,67 


242,00 


4BJ.0Q 




34 


49 


5319J1 


83 11 


249.33 


498.67 




35 


50 


5rm.n 


85 55 


2,^,67 


513.33 




3S 


51 


58U8 00 


88 uu 


264 00 


528 OO 




37 


52 


6059 78 


90 44 


271.33 


542 67 




38 


53 


6:^16 44 


9-! 39 


278 67 


557.33 




3^ 


U 


6578 00 


m/An 


286.00 


57200 




40 


S5 


6844 44 


97,77 


293.33 


.mi. ill 




41 


56 


7115 78 


100-22 


3*J0.67 


mi 33 




42 


57 


7392,00 


102.66 


308.00 


61600 




43 


5a 


767311 


105 11 


316 :i3 


630 67 




44 


5y 


7959,11 


107 h'i 


3-22.67 


645 33 




4^ 


60 


8250,110 


109 99 


330,00 


660 00 




m 


61 


8545 78 


112,44 


337.33 


674.67 




47 


62 


. 8846.-14 


1 i 4 B8 


344.67 


6ti9,;[3 




48 


ea 


9152 00 


117.33 


352.00 


704.00 




49 


e4 


9J63.U 


11977 


359,3^ 


L 1\^«^1 


w 


50 


G5 


977778 


\2r2.'2l 


y tm.^i 


\ -a^t^ \ 
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SLOPES 1^ TO 1. 





Depth 


Half 




ContBat Of 


Content of 


Conteni of 




ot 


width 


Contetit Id 


1 peri>i*udi- 


3 p«rp«Qdl- 


cufar feet k 




DUttln; 


5 ftttop 


cubic ynrds 


cuW foot InlculaT (cat la 




in feet 


lo feet 


, f er ch^lM. 


bnadth. 


breftdth. 


bitadtb. 




1 


16| 


77.00 


2.44 


7.33 


14.67 




2 


18 


1 161,33 


4,89 


14.67 


29,33 




3 


IH 


253,00 


7.33 


22.00 


44.00 




4 


21 


352.00 


9.78 


29.33 


58.67 




5 


221 


453.33 


12,2-2 


38,67 


73.33 




G 


21 


57200 


14,67 


44.00 


88.00 




7 


251 


6^3.00 


17.11 


51.33 


102,67 




8 


27 


82L33 


19.56 


58,67 


117.33 




9 


sei 


'957.00 


2*3.00 


66.00 


132.00 




10 


30 


1100.00 


94.44 


73.33 


146,67 




11 


m 


1250,33 


26.89 


80.67 


161.33 




12 


33 


1408.00 


29.33 


88.00 


176.00 




la 


Mk 


1573.00 


31.78 


95,33 


ISO.^ 




u 


36 


1745,33 


34.?2 


102.67 


205,33 




15 


371 


1925.00 


36.66 


110.00 


220.00 




16 


3S 


2112,00 


39.11 


117.33 


234.67 




17 


4Qi 


2306.33 


41.55 


124.67 


249,33 




18 


42 


2508.00 


43 99 


132 00 


264,00 




}9 


m 


2717.00 


46.44 


139.33 


278J7 




20 


45 


2533.33 


46,89 


146 67 


293.33 




21 


4^^ 


3157.00 


51.33 


' 154.00 


308,00 




22 


43 


3388.00 


53.77 


161,33 


322,67 




23 


49^ 


3626.33 


56,21 


168 67 


337.33 




24 


5\ 


3872.00 


38,66 


176.00 


332.00 




25 


53i 


4^35.00 


61.10 


183 33 


366,67 




26 


B4 


43BS.33 


63.fi5 


190 67 


381.33 




27 


551 


4653.00 


^5M 


198 00 


396,00 , 




2a 


57 


402a00 


68.43 


205 33 


410.67 




^B 


mi 


5210,33 


70,88 


212,67 


425,33 




3D 


60 


5500.00 


73.32 


220 00 , 


440.00 




31 


6li 


579700 


7S.77 


227.33 


454,67 




32 


63 


6101.33 


78.22 


234,67 


469.33 




33 


6ik 


6413,00 


80.67 


242,00 


484.00 




54 


^6 


6f 32.00 


83JI 


249.33 


498,67 




as 


mh 


705^33 


B5.,^ 


256 67 


513.33 




36 


m 


7392.00 


88.00 


264,00 


528.00 




37 


70J 


7733.00 


90.44 


271.33 


542.67 




58 


72 


800J,33 


92,39 , 


278.67 


557,33 




a9 


734 


S437.00 


95 33 


286 00 


572,00 




40 


75 


8800.00 


97.77 


293.33 


586.67 




41 


76i 


9170,33 


100.22 


300.67 


601,33 , 




42 


78 


&548.00 1 


102.66 


308,00 


616.00 




43 


79i 


a'>33.00 


105.11 


315.33 


630.67 




44 


m 


10325.33 


107.55 


322.67 


645.33 




45 , 


82| 


10725,00 1 


109.99 


330,00 


660 00 




40 


84 


11132.00 


112.44 


337.33 


674.67 




47 


mi 


11546.33 


1J4.B8 


344.67 


689.33 




48 


87 


11968.00 


117.33 


352.00 


704.00 , 


/SI 


^/fj) 


12397.00 


119.77 


359.33 


7J8.67 


PO 


12833,33 


122,21 \ 


'^^m \ 


T33,33 
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SLOPES 2 TO 1 


• 






Dettth 


HAlf 




OoDtent of 


Cuot&jit of 


Goatent of 




if 


width 


Contant \n 


1 pcrpoDdl- 


cular fefist ia 






cutting 


at top 


per phutu,^ 


cular foot in 




tu A»t|tA feet. 


broadtb. 


^feadm. 


breadth. 




1 


17 


78.22 


2,44 


7.33 


14.67 




2 


10 


166.22 


4.89 


14.67 


29,33 




3 


21 


264.00 


7.33 


22.00 


4400 




4 


23 


S71.SS 


9 78 


29,33 ' 


58,67 




S 


25 


483.89 


12.22 


36.67 


73.33 




6 


27 


616.00 


14 67 


44,00 


88.00 




7 


29 


752.80 


17.11 


51.33 


102.6 




S 


31 


999.55 


19.56 


58.67 


117.33 




9 


33 


1056.00 


22.00 


66.00 


182.00 




10 


35 


12?122 


24.44 


73.33 


146.67 




n 


37 


13fla,22 


2fjM 


80.67 


161.33 




12 


dB 


1584.00 


29.33 


88.00 


176.00 




13 


41 


1779.55 


31,78 


95.33 


190,67 




14 


43 


1984.80 


34.^2 


102.67 


205,33 




15 


45 


2200.00 


36.66 


110.00 


220,00 




16 


47 


2424.89 


39,11 


117.33 


234,67 




17 


49 


2659.55 


41.55 


124.67 


249.33 




18 


51 


2904.00 


43.99 


132,00 


264,00 




19 


m 


3158,22 


46,44 


139.33 


278.67 




20 


55 


3422.22 


48.89 


146.67 


293,33 




21 


57 


3696.00 


5L33 


164.00 


308,00 




22 


&B 


3319 5B 


53J7 


161,33 


322.67 




23 ; 


61 


4272.89 


56.21 


168.67 


337,33 




24 ; 


m 


4576.00 


.SB 66 


176.00 


352.00 




25 


65 


4888.80 


61.10 


183.33 


366,67 




26 


67 


5211.55 


63,55 


190.67 


38 U3 




27 


60 


5544.00 


65,99 


198.00 


396.00 , 




28 


71 


5836.22 


60.43 


205.33 


410.67 




20 


73 


6238.22 


7".«3 


212.67 


425.33 




30 


75 , 


6600.00 


73.32 


220.00 


440,00 




31 


77 


697L55 


75J7 


227,33 


454,67 




32 


75 


7352.80 


78.2-2 


234.67 


469,33 




33 


81 


7744.00 


ms7 


242.00 


484.00 




34 


83 


8144.89 


83.11 


240.33 


498.67 




35 


85 


B&&S.55 


85,55 


256.67 


513.33 




36 


87 


8976 00 


88.00 


264^00 


528.00 




37 


S» 


9406.23 


9o.a 


27K33 


542.67 




38 


31 


9846/2*2 


92.30 


278.67 


557 J3 




39 


93 


lffi96.00 


95.33 


286.00 


572.00 




40 


95 


1075555 


97.77 


293.33 


586.67 




41 


&7 


11224.39 


100.22 


300,67 


601.33 




42 


99 


11704.00 


10266 


308.00 


616.00 




43 


101 


12192.89 


105.11 


315.33 


630.67 




44 


103 


1269L5.5 


107.65 


322,67 


645.33 




45 


105 


13200.00 


109.99 


330.00 


660.00 




46 


107 


13718.22 


112.44 


337,^ 


674,67 




47 


169 


14246.22 


114.88 


344,67 


^9.33 




48 


HI 


14784.00 


117.33 


352,00 


704,00 




4.9 


113 


15331.55 


11977 


359,33 


718.67 




50 


115 


1538889 


122,21 


^^.m 


^ 1^^ \ 
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By the fourth, fifth, and sixth columns in each tahle, 
the numher of cuhic yards is easily ascertained at any 
other width of formation level above or below 30 feet, 
having the same slopes as per tables, thus : — 

Suppose an excavation of 40 feet in depth, and 33 
feet in width at formation level, whose slopes or sides 
are at an angle of 2 to 1, required the extent of excava- 
tion in cubic yards — 

10755.55 + 293.33 = 11048.88 cubic yards. 

The number of cubic yards in any other excavation 
may be ascertained by the following simple rule : — 

To the width at formation level in feet, add the hori- 
zontal length of the side of the triangle formed by the 
slope, multiply the sum by the depth of the cutting, or 
excavation, and by the length, also in feet ; divide the 
product by 27, and the quotient is the content in cubic 
yards. 

Ex. — Suppose a cutting of any length, and of which 
take 1 chain, its depth being 14^ feet, width at the bot- 
tom 28 feet, and whose sides have a slope of 1| to 1, 
required the content in cubic yards, 



14.5 X 1.25 = 18.125 + 28 X 14 = 645.75 X 66 

__ 42619.5 _ 

^ 1578.5 cubic yards. 

Note. — English cubic yards multiplied by .7646 = 
French cubic metres, and French cubic metres multi- 
plied by 1.308 = English cubic yards. 
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ON THE DIMINUTION OF FRICTION BY 
RAPID MOTION. 

(From the Inventors' Advocate of Industry,) 



Time is an essential element in the consideration of 
pressure as well as of motion ; and the weight or hear- 
ing of any hody is proportioned to the time which it 
remains on any given point, thus : — Suppose a hall of 
any weight or size to he rolled along a flat level surface, 
at a velocity of ten feet per second, it must press upon 
every part of the surface moved over with a force pro- 
portionate to its weight. Again, if it he rolled at douhle 
that velocity, its pressure will he distributed over twice 
the space in the same time ; and, as the weight of the 
ball remains the same, the amount of force on any given 
point of its course must he diminished one-half. Tlie 
total amount of pressure exerted in the second of time 
is the same ; hut, in the case of the douhle velocity, the 
space over which it is spread is doubled, and its intensity 
is therefore proportionally diminished ; and the appli- 
cation of this principle shows clearly the mechanical 
advantages to be gained by rapid motion in the dimi- 
nution of friction on railways : for the resistance to the 
motion of wheeled carriages, caused by friction, increases 
with the weight or pressure on the axles, and on the 
surface of the road ; therefore, if we diminish the pres- 
sure by increasing the rapidity of the motion, we dimi- 
nish the friction. The effect of increased velocity in 
diminishing resistance in traversing any given space on 
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a railway is, however, different on the Motion of the 
axles &om the resistance of the surface of the road. 

The pressure of the load on the axles of the carriages 
is constantly the same, hecause there is, in that case, no 
distribution of the weight over a larger surface ; it has 
the same point of bearing whatever may be the velodtj. 
The gain in this case depends entirely on the saving of 
time, for, as the weight, at a double velocity, rests on 
the points of bearing only half the time, the power 
required to overcome it is only half, or, what is the 
same thing, is only required for half the time. The 
advantage gained by diminution of resistance at ^be 
circumferences of the wheels, on the contrary, depends 
on the diminution of pressure. The weight at double 
the velocity is distributed over twice the surface, conse- 
quently its pressure on any given point is only half. 
The same weight is borne by twice the length of rails 
in one case that presses on half the length in the other ; 
viewed in relation to time, it is the same in both. 

These observations respecting the resistance of the 
sur£Eice only apply to a perfectly level and smooth rail- 
way, on which the hindrance to motion from the rails 
depends principally on adhesion, caused by weight. 
When the rails are uneven, or when the road inclines, 
the advantages of rapid motion, so feu: as the dimination 
of the surface resistance is concerned, is decreased. On 
an incline, the weight of the whole train has to be lifted 
as well as to be drawn, and the increasedi velocity gives 
no advantage in lifting a weight. It has, on the con- 
trary, the effect of diminishing the mechanical advan- 
tages of the incline plane. For instance, when the 
velocity is doubled on an incline, the weight is lifted 
twice the height in the same time, and twice the power 
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ivill be required to do it. Viewed in relation to time, 
there is no loss of power, but the quantity of force 
required to overcome the obstacle must be increased. 
When higher velocities, therefore, are required, the im- 
portance of having the road level is the greater. A 
gradient of 1 in 200 is to a train travelling at the rate 
of twenty miles an hour equal to a gradient of 1 in 100 
when the speed is doubled, for the weight will have to 
be raised twice the height in the same time. 

The pressure on the axles remains constant, whether 
the motion be rapid or slow, up hill or down ; and it is 
in this friction that the great saving of resistance is 
made by increasing the velocity. The proportion which 
the resistance to motion from friction of the axles bears 
to the resistance presented by adhesion, inequalities, 
and inclines, on the peripheries of the wheels, may be 
stated at three to one. Putting out of consideration, 
therefore, the diminished resistance occasioned by dimi- 
nished weight on the rails, we will take the surface 
resistance to be in arithmetical ratio to the velocity, and 
confine our view of the advantages of increasing the 
velocity to the diminution of axle-friction only. It is 
not that we think the diminution of the surface resist- 
ance unimportant that we leave it out of consideration, 
but because its amount must depend greatly on the state 
of the road. In axle-friction alone there would be a 
gain of power to the amount of nearly seventy per cent, 
by doubling the velocity, and of one hundred per cent 
if it were trebled, whilst the loss arising irom increased 
resistance by the air would be only in the proportion 
of 18 to 14. 

For instance, if the force required to move a train at 
the rate of twenty miles an hour be 400 lbs., the ob- 

L. £. I 
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stniction of the road would absorb 100 lbs. of the 
power, and the friction of the axles 300 lbs. At doable 
the speed, the power required would be 300 lbs. for azle- 
friction, and 200 lbs. for road resistance, being toge^ier 
500 lbs. ; and at the speed of sixty miles an hour ihp 
power required would, in the same manner, be 600 lbs. 
In the same time, however, the train would be propelled 
in the latter case three times the distance by the 206 
lbs. additional power, omitting from consideration the 
increased resistance of the air. 

It may be objected to this calculation of the advan- 
tages to be gained by rapid motion, that experienoe on 
railways proves the reverse of gain to accompany in?- 
crease of speed. This result, however, does not prove 
the unsoundness of the principle for which we are con- 
tending, but the defective construction of locomotive 
engines for rapid motion. If that objection be allowed 
against the theory of diminished resistance to motion at 
increased velocities on railways, it would be equally 
applicable to passage boats on canals, where the fact has 
been proved, and proved, too, in apparent opposition to 
the established law of the resistance of fluids. Though 
a speed of ten or twelve miles an hour on canals has 
been proved to occasion much less proportionate resist- 
ance than a speed of six or seven miles an hour, the 
slower speed is preferred, because the moving power ia 
not adapted for greater velocities. It is the same with 
the present locomotive engines as with animal power. 
They are not adapted for very rapid motion, and when 
it is attempted, a great sacrifice of steam power, is the 
eonsequence. Even at the velocities common to the 
•lowest trains on railways, a great loss of power results, 
owing to the construction of the engines not being fitted 
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for imparting rapid motion. An engine which would 
draw a train of sixty tons at the rate of twelve miles an 
hour, is not able to draw more than forty tons at fifteen 
miles an hour ; and at a velocity of twenty miles an 
hour its power is reduced to druwing twenty tons only. 
Thus, an addition of eight miles an hour to the speed 
diminishes the power of the engine two-thirds. This 
^£fect is to be ascribed entirely to the imperfect con- 
struction of locomotive engines, and does not arise from 
the increased resistance of the air, or friction consequent 
on rapid motion. If an engine were constructed, able 
to exert its power advantageously at great velocities, 
we have no doubt that the advantages gained by in- 
creasing the velocity would tally equal our estimate. 
The power to be employed at higher rates of speed 
must necessarily be greater than at slower velocities, 
but the advantage gained by diminishing the time of its 
action would far exceed the Increase of power required. 
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Table of Railways, with the Time of Opening, and the 
Gauge of Rails. 

RAILWAYS. DaU of opening. Oavge. 

Bel&st and County Down. Royal assent June 26, 1846 6 ft. 6 in. 

Birkenhead, Lancashire, and Cheshire Junc- 
tion. Opened from Chester to Birkenhead . .Sept. 22, 1840 4 ft. 8| in. 

Bolton, Blaokhum, Clitheroe, and We&t York- 
shire. Royal assent June 80, 1846 4 ft. 8} in. 

Bristol and Exeter. Opened throughout May 1, 1844 — 7 ft. • in. 

Bristol and South Wales. Royal assent July 26, 1846 7 ft. in. 

Caledonian. Royal assent July 31, 1845. .. .4 ft. 8} in. 

Chard Canal Railway. Royal assent July 16, 1846. .. .7 ft. in. 

Chester and Holyhead. Royal assent July 4, 1844.... 4 ft. 8} in. 

Cookermouth & Workington. Op. throughout. .April 28, 1847. . . .4 ft. 8^ in. 

East Anglian. Opened from Ely to Lynn Oct. 1847 . . . . 4 ft. 8^ in.- 

Sastem Counties. Opened throughout Mar. 29,1843 — 4 ft. 8|in. 

East Lancashire. Partially opened June, 1846 — 4 ft. 8^ in.' 

Eastern Union. Opened to Bury St. Edmund's Dea, 1846 ... .4 ft. 8^ in. 

Exeter and Crediton. Royal assent July 21, 1845 ... .7 ft. in. 

Exeter and Exmouth. Royal assent July 8, 1846.... 4 ft. 8} in. 

Oreat North of England. Opened throughout . . 1842 4 ft. 8| in. 

Great Northern. Royal assent July 20, 1846 4 ft 8^ in. 

Oreat Southern and Western, (Ireland.) Royal 
assent Aug. 6,1844 — 5 ft 8 in. 

Huddersfield and Manchester Railway and 
Canal. Royal assent July 21, 1845. .. .4 ft. 8} in, 

Hull and Selhy. Opened throughout July 1, 1840.... 4 ft. 8^ in. 

Xendal and Windermere. Opened throughout April 21, 1847. . . .4 ft 8i in. 

Lancashire and Yorkshire, (late the Manches- 
ter and Leeds.) Opened throughout Mar. 1, 1841. . . .4 ft 8} fai. 

Lancaster and Carlisle. Opened throughout . . Dec 1846 .... 4 ft. 8^ in. 

Lancaster and Preston Junction. Opened 
throughout June 80, 1840. . . .4 ft 8i in. 

Leeds and Bradford. Opened to Leeds July 1,1846 4ft8|in. 

Leeds, Dewsbury, and Manchester. Royal assent June 80, 1845 — 4 ft. 8} in. 

Leeds and Thirsk. Royal assent July 21, 1845. ...4ft. 8^ in. 

Liyerpool, Crosby, and Southport. Length, 16 
miles 4 ftirlongs 8 chains 4 ft. 8^ in. 

Liyerpool, Manchester, and Newcastle-upon- 
Tyne. Royal assent July 16, 1846. . . .4 ft. 8} in. 

London and Blackwall. Opened throughout. .Aug. 2, 1841 5 ft in. 

London, Brighton, and South Coast Opened . . Sept 21, 1841 ... .4 ft. 8} in. 

London and Greenwich. Opened throughout. .Dec. 24, 1888 ... .4 ft. 8^ in. 

Manchester, Buxton, Matlock, and Midland. 
Royalassent July 16, 1846.... 4 ft SJ in. 

Manchester, Sheffield, & Lincolnshire. Opened 
fh)m Manchester to Sheffield .Dec. 22, 1845. . . .4 ft 8| in. 

Maryport and Carlisle. Opened throughout . .Jan., 1845 4 ft 8^ in. 
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Midland. Opened throughout July l»1840....4ft. S^in. 

Midland, from Gloucester to Bristol, 87i miles . . .... 7 ft. in. 

KewcasUe-upon-l^e and Carlisle. Opened 

throughout June 18, 1839. . . Jl ft. 8^ in. 

Newmarket Royal assent July 16, 1846.... 4 ft. 8^ in. 

Korfolk. Opened throughout May 1, 1845.... 4ft. 8| in. 

North Staffordshire. Royal assent June 26, 1846 — 4 ft. 8i in. 

North Union. Opened throughout Oct. 81, 1838.... 4 ft. 84 in. 

North Wales. Royal assent July 21, 1845. . . .4 ft. 8^ in. 

North Western. Royal assent July 26, 1846. . . .4 ft. 8| in. 

Oxford, Worcester, and Wolyerhampton. Royal 

assent Aug. 4,1845 — 7 ft. in. 

Oxford, Worcester, and Wolyerhampton : also 

an additional line between Worcester and 

Wolverhampton — 4 ft. 8|in. 

Preston and Wyre. Opened throughout July 20, 1840. . . .4 ft. 8^ in. 

Shrewsbury and Blrmhigham. Royal assent . . Aug. 8, 1846 — 4 ft 8^ in. 
Shrewsbury and Chester. Partially opened . .Nov., 1846 — 4 ft 8^ in. 

Shrewsbury and Hereford. Royal assent Aug. 3, 1846 .... 4 ft. 8^ in. 

South DoYon, (atmospheric.) Partially opened May 21,1846.... ft in. 

South Eastern. Opened throughout Feb. 6, 1844 — 4 ft. 8^ in. 

South Wales. Roytd assent Aug. 4, 1845.... 7 ft in. 

St Helen's Canal and RaUway. Royal assent. . 1880 — 4 ft. 8i in. 

Stockton and Darlington. Opened throughout . . Sept 80, 1845 — 4 ft. 8^ in. 

Taff Yale. Opened throughout April 12, 1841 

ValeofNeath. Royalassent Aug. 8, 1846«....7ft. in. 

Wear Valley. Royalassent July 81,1845 4ft.8iin. 

WestComwaU. Royalassent Aug. 8, 1846.... 7 ft. in. 

West London. Opened throughout May 27,1844 4 ft. 8^ in. 

West London. Opened throughout ...May 27,1844 7 ft. in. 

Whitehaven Junction. Opened throughout ..Jan. 1847... 4 it 8i^ in. 

Wilts, Somerset, and Weymouth. Royal assent June 80, 1845 7 ft in. 

York, Newcastle, & Berwick. Op. throughout. .June 18, 1844. . . .4 ft. 8^ in. 
York and North Midland. Op. throughout. . .June 80, 1840. . . .4 ft. 8i in. 



Totals of Miles sanctioned in the United Kingdom, 

SPECIFYING THE DIFFERENT WlDTHS OF GaUGE. 

MILflS. 

Seven feet, or broad gauge 13181 

Five feet three inches, or Irish gauge 1624^ 

Four feet eight-and-a-half inches 8762} 

Total .11,705} 

i2 
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EMPLOYMENT AFFORDED BY RAILWAYS. 

From a return of the number and description of persons em- 
ployed on the railways of the United Kingdom, (open for traffic,) 
on the Ist of May, 1847, it appears there were employed on 
74 railways, comprising an extent of 3305 miles, 47,218 persons* 
in the various departments, as follows: — 



Secretaries, Managens, and Trea- 
surers 124 

Engineers 96 

Superintendents 890 

Storekeepers 91 

Aooouatauts and Cashiers 100 

DraughtsuKin 100 

Clerks 84^2 

Foremen 823 

Eoginemen or Driyers, and As- 
sistants 2969 

Conductors er Guards 1163 



Artificers 10,800 

Switchmen IfHik 

Policemen, Potters, and Messen- 
gers 85TS 

Platelayers .414S 

Labourers 19;49t 

Gate-keepers 40T 

Wazgoners 161 

Breaksmen 4t 

Miscellaneous SM 



Total 4r,SlS 

From a similar return respecting 128 lines and branches in 
course of construction at the same period, comprising an extent 
of 64i55 miles, it appears there were 256,509 persons employed, 
as follows : — 

Secretaries and Managers 285 i Miners or Quarrymen ^41 

Treasurers 84 I Foremen 108f 

Engineers 549 Policemen or Gate-keepers .... ISS 

Superintendents ft Storekeepers 2382 Porters. Serrants, or Watohmsn If 

Accountants and Cashiers .... 264 ' Platelayers 8TS 

Draughtsmen and Clerks 1437 • Horse-drivtrs or Carters ..... .1781 

Artificers and Labourers 240,301 Miscellaneous 4St 

Inspectors 158 ' 

Land Surveyors S2 ( Total SM^Mt 

Giving a grand total of 303,717 persons employed <m railways 
during a portion of the past year. 



THE NARROW GAUGE FASTER THAN THE BROAD. 

The writer of a pamphlet under this head show8» by 
a series of tables, that the average rate of speed on the 
London and North Western, is to Wolverhampton 26.92 
miles per hour, and to Birmingham 24.28 ; that on the 
South Western to Southampton, it is 25.29 mUes per 
hour ; while on the Great Western to Swindon, it is only 
24.97 miles per hour, and to Bristol 23.97. 
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IMPROVEMENT IN LOCOMOTION. 

An invention has recently been projected by Mr. E. 
Galloway, which promises to supply a most serious 
desideratum in the present construction of locomotive 
engines, and to exercise a very important influence on 
the progress of locomotion generally. It has long been 
acknowledged that one of the greatest difficulties with 
which the railway steam engine had to contend was 
that of acquiring a bite upon the rails superior to that 
supplied by gravilation. The amount of nipping or 
biting power derived from that principle by the verticle 
driving wheel now in use has been found quite insuffi- 
cient in foggy weather, when the rails are in a greasy 
state from the moisture upon them, and upon inclines 
with severe gradients. Under such circumstances the 
driving wheel slips and the eng'ne makes little or no 
progress. Mr. Galloway's invention is principally in- 
tended to overcome this difficulty in working the present 
locomotive engine, and from the experiments made the 
other day, first with a working model at the western 
gallery of Hungerford Market, and afterwards on the 
Great Western Railway, at MaiJenhead, there appears 
to be very little doubt as to its complete success. The 
invention consists in adding two driving wheels, hori- 
£ontal or inclined, to the present locomotive; these 
wheels acting on each side of a middle rail laid between 
the ordinary rails, and being pressed simultaneously 
against the opposite sides of the rail by means of ad- 
justing screws acting upon springs with any required 
degree of force. By such an arrangement it is manifest 
that a bite or adhesion may be obtained far beyond 
what is due to the weight of the engine, and that 
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thereby the difficulties may be obviated which at pre- 
sent arise from greasy rails and heavy gradients. Mr. 
Galloway contemplates the application of his invention 
to engines as at present constructed with vertical driv- 
ing wheels, and expresses his conviction that such a 
combination will not be found inconsistent with high 
velocity. In the meantime, however, he has, we think, 
prudently confined himself to demonstrating tlie efi^d- 
ency of the horizontal driving wheels, unaided by verti- 
cal driving wheels, in overcoming steep inclines. At 
Hungerford Market, the working model with horizontal 
driving wheels went with great ease up an incline 
of 1 in 6, and the following statement, drawn up by 
Mr. Gooch, locomotive superintendent of the Great 
Western Railway, with reference to experiments made 
on a previous day, apply equally to the results of those 
made at Maidenhead : — 

** The following is the result of the experiment I nftide with 
Mr. Galloway's locomotive engine, in which the driving wheels 
are placed horizontally, and act against the sides of a centre rail:— - 

Weight of engines 20 tons. 

Ditto of load. 13^ 

" This weight was taken at a slow speed up an Incline of 1 in 
19 with a pressure on the boiler of 60 lbs. on the inch, and calcula- 
ting the power of the engine and actual duty performed, we have 
as follows : — With steam at 60 lbs. in the boiler, the average effec- 
tive pressure in the pistons, after deducting back pressure, will 
be about 50 lbs. on the inch, then the area of the two cylinders 
308 X 50 = 15,400 lbs., and double stroke of piston equal 32 
inches, and circumference of driving wheel 116 inches. There- 
fore, as 116 inches : 15,400 : : 32 : 4,248 tractive power on the 
rim of the wheel. And gravity per ton linl9 = 118 lbs. Friction 
ditto 7 lbs. 125 X 33.5 tons = 4187 lbs. Resist^ce overcome. 
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" Therefore, 4248 — 4187 = 61 lbs., the total loss from the 
friction of the working parts of the engine, which I think is ag 
small a loss as can be hoped for any class of engines. And from 
the facility of applying screws to increase the weight on the 
driving-wheels to any required amoimt, there is no difficulty from 
slipping. 

"DANIEL GOOCH. 
" In explanation of the preceding, it is necessary to state that 
the former diameter of the driving-wheels of the experimental 
engine was eight feet, and the horizontal ones are three feet 
The tractive power of the engine before alteration was about 
1600 lbs. The increase of tractive force, therefore, is as 4187 lbs. : 
1600 lbs." 

It is also only fair to explain, that the experiment was 
made with ** Bacchus,^* the oldest engine in the com- 
pany's possession, and long ago worn out and disused. 
The leading advantages claimed by Mr. Galloway for 
his invention are, that the adhesive power, being inde- 
pendent of gravity, can be adjusted according to the 
gradient or load, while the train is in motion ; that by 
applying a brake at once to the middle rail, the train, 
in descending any gradient, may be retarded indepen- 
dently of the wheels, and also the risk of collisions be 
avoided ; that sharp curves may be traversed almost as 
easily and quite as safely as straight lines ; that punc- 
tuality on railways will thereby be better secured, and 
the necessity for tunnelling, heavy cuttings, and em- 
bankments to a great degree obviated. 

Whether all or any of these advant^^s will be se- 
cured by Mr. Galloway's invention, it must remain for 
a course of detailed practical experiments to decide; 
but in tbe meantime the credit of a very ingenious, a 
very simple, and, to all appearances, a very practicable 
contrivance, cannot be denied to him. The difficulties 
which he claims to have overcome have for many years 
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occupied the attention and eluded tihe ingenuity of 
engineers. Some time ago the notion of a centre rail 
and a horizontal driving wheel was projected hy Mr. 
Yignolles and Mr. Errixon, hut as they only proposed 
applying it on the one side of the rail, they were un- 
successful. Mechanical contrivances of a similar cha- 
racter have since heen attempted hoth in this country 
and ahroad, hut they have always turned out to he £eu- 
luresi and if Mr. Galloway's invention can he comhined 
with the present construction of the locomotive^ so as 
to folfil his expectations in regard to it, the only wtnb- 
der will he how, for upwards of 16 years, so really simple 
an expedient for obviating admitted difficulties oanld 
have escaped undiscovered. Mr. Galloway states, that 
he can secure on the narrow gauge, horizontal or in-i 
clined, driving wheels of six feet diameter, and on tlie 
broad gauge eight feet, so as to act in conjunction witli 
the verticle driving wheels. He states, too, that tUs 
is practicable at a very moderate expense. 
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THE NEW RAILWAY ACT, 

llvH Of YiGvoKiA, Cap. 8, 
CAME INTO OPERATION ON MONDAY, DSCEMBEft 89, 1841. 



The preamble states that divers Acts of Parliament 
have been passed for making railways, and in such acts 
respectively certain periods of time are limited within 
which only the powers thereby granted, whether for 
making the railways, or for the compulsory purchase of 
the lands therein referred to, could be lawfully exercised, 
and that it is expedient in certain cases to grant further 
time for the purposes mentioned. It is now enacted 
that if any railway company desire that the period 
limited by the act or acts passed should be extended, 
they may within two months after the passing of the 
act (on the 20th December, 1847») make application, 
in writing, to the Commissioners of Railways, setting 
forth what extension of time is desired, and to what 
part of the railway, or the works or lands connected 
therewith, the same is intended to apply, and the 
grounds on which such application is made. The com- 
missioners may require a company so applying to give 
notice of the application by advertisement in the London 
Gazette^ in a newspaper, and on the door of the parish 
church in which the railway works or land are situated, 
and objectors may make their complaints before the 
commissioners. On proof that notice has been given, 
and after hearing any objections, the commissioners may 
extend the time for a period not exceeding two years 
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from the expiration of the period allowed by the acts 
already passed. Existing contracts and notices to take 
lands are to be construed as if the act had not passed. 
Within a month after the warrant to extend the time is 
granted, the same is to be advertised, and parties ag- 
grieved by such extension may have awarded to them 
compensation for addkional damage (if any) sustained 
by such extension of time being granted. The prin- 
cipal alterations in the measure have been made in 
the eighth and two following provisions. It is now 
declared that no railway company authorized to con- 
struct a railway or any works connected with a rail- 
way who had not before the 27th of November last 
executed any part of the works, or entered into any 
contract or agreement for the execution of any part of 
the works which they were for the first time authorized 
by such act to construct, shall within twelve months 
after the passing of the act enter into any contract or 
agreement for the execution of any works so for the 
first time authorized by such act, and also contracts and 
agreements for the construction of such other works as 
the company shall be authorized to proceed in construct- 
ing by the consent of the holders of three-fifths of the 
shares or stock held by such of the shareholders of such 
company as shall signify their assent thereto or dissent 
therefrom withing the time and in the manner mentioned 
in the act, or as they shall be authorized to proceed in 
constructing by an order of the commissioners, duly 
advertised, and all contracts and agreements entered 
into in contravention of the enactment " shall be 
utterly void and of no effect." In order to ascertain 
the opinion of the shareholders to the making of con- 
tracts for new works, it is provided that a general 



LOCOMOTIVE ENGINE. 105 

meeting shall be held within six weeks after the passing 
of the act, of which public notice shall be giveh by 
advertisement and a circular letter sent to the share- 
holders, stating that a general meeting will be held for 
the purpose of determining whether a contract for exe- 
cuting such works shall be entered into or not within 
the twelve months next after the passing of the act, 
and requesting such shareholder to signify his assent 
or dissent in the form prescribed by the schedule of the 
act. At the meeting, the chairman shall cast up the 
number or amount of shares or stock held by share- 
holders dissenting therefrom, whether sent or ex- 
pressed at the meeting, and such chairman shall there- 
upon publicly announce the number or amount of 
shares or stock of the shareholders assenting to the 
making of such contract, and the number or amount 
of the shares or stock of those dissenting therefrom, 
and shall state whether or not the holders of three- 
fifths of the whole of such shares or stock consent 
to the making of such contract. In order to assent 
or dissent, a shareholder must have paid the "calls'* 
on the shares. The chairman is to sign a certificate 
respecting the meeting, which is to be deposited, coun- 
tersigned by the secretary of the company, in the office 
of the Commissioners of Railways within one week 
after holding the meeting ; and such certificate, or a copy 
certified, shall be received as evidence in all courts, and 
before all justices and others, that such consent was duly 
given. The concluding clause (the 11th) is the formal 
one, to amend or repeal the act. In the schedule is the 
form to be filled up by a shareholder assenting or dis- 
senting to contracts for new works. 
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BELGIUM. 

BOTAL DECREE FOR PROVING STEAM-ENGINE BOILERS. 



By a decree of King Leopold, dated Oct. 28, 1840, 
it is ordained : — 

" That every boiler in which the steam is required to 
have a pressure of more than one atmosphere shall be 
submitted to a proof of triple the force it will be required 
to support. This pressure to be determined by the dif- 
ference between the authorized pressure of the steam in 
the boiler and atmospheric pressure. 

" Considering that tubular boilers of locomotive en- 
gines may safely be exposed to less rigorous proof, on 
the report of our Minister of the Public Works, we have 
decreed, 

"Article 1. — That the boilers of locomotive engines 
intended to run on railroads shall be submitted to a 
proof of twice the amount those engines are required to 
support. 

" Art. 2. — The permission to make use of locomotives 
belonging to the State will be granted after the trials 
prescribed by the articles of the first and second decree, 
by the director of the railroads now in operation. 

" Art. 3. — The proof of the locomotive engines shall 
be renewed at least once a year ; they shall take place 
after every important repair of the boiler. The boDers 
that are injured during the proof shall not be used. 

" Art. 4. — The director of the railroads in operation 
shall address to our Minister of the Public Works a 
duplicate of the permission to use the engines, and of 
the declarations of proof." 

BMITH, KOQBSSOir, ARD CO., PRIirTBBS, UYSBPOOL. 



WORKS BY WILLIAM TEMPLETON, 



PRICE FIVE SHILLINGS, 

THE MILLWRIGHT AND ENGINEER'S 
POCKET COMPANION, 

Comprising Decimal Arithmetic, Tables of Square and Cube Roots, Prac- 
tical Geometry, Mensuration, Strength of Materials, Mechanic Powers, 
Water Wheels, Pumps and Pumping Engines, Steam Engines, Tables of 
Specific Gravity, &c., &c. To which is added an APPENDIX, containing 
the Circumferences, Squares, Cubes, and Areas of Circles, Superfices and 
Solidities of Spheres, &c.,&c. Eighth Editioit, with Lithographic Illus- 
trations. 

"Nearly all the authors I have consulted dress up their rules in the garb 
of algebraical formula, which, to the minority of plain practical men, is per- 
fectly unintelligible, and Mr. Templeton, by ayoidingthat system, has mad» 
a book more useful to thousands than a whole library of more learned 
■works."— Extract from a letter of an eminent practical Engineer to the 
Publishers. 

**Templeton's Engineer's Companion wiUbe found most useftil to all per- 
sons connected with machinery. Mr. T. is, we understand, an operatiye 
mechanic, and his work has been considerably enlarged by the addition of 
much valuable matter."— Xiterary Gazette. 



PRICE FIVE SHILLINGS, 

THE ENGINEER'S COMMON-PLACE BOOK 
OF PRACTICAL REFERENCE, 

Consisting of Practical Rules and Tables adapted to Land and Marin* 
Steam Engines ; to which are added, Square and Cube Roots of Numbers, 
Areas and Circumferences of Circles, Superfices and Solidities of Spheres, 
&c., Jca— Third Edition, Improved and Enlai^ed. 

** The author of this little work is already favourably known to the public 
by his * Millwright and Engineer's Pocket Companion.' His present book 
will not sink his credit; it is a useful little work, and displays considerable 
powers of observation. Several of the rules are new, or such as we have 
never met with before, and the arrangement is good." — Railway Magazine. 

*'A new work has just issued firom the press, entitled .'The Engineer's 
Commonplace Book of Practical Reference,' adapted expressly for the 
practical mechanic, in which the latest improvements in locomotive and 
other engines are treated with a conciseness and distinctness rarely to be met 
with in books of this nature. The work is embellished by four lithographic 
drawings, and the author is Mr. William Templeton, a fifth edition of whose 
useful and very successful work, entitled 'The Millwright and Engineer's 
Pocket Companion,' has just been published."— Dublin Warder. 

** Mr Templeton is already well known to practical engineers, and most 
persons connected with the manufacture or working of machinery, als the 
author of a very popular and usefUl work, entitled * The Millwright and 
Engineer's Pocket Companion,' which has passed through five editions, — no 
unimportant testimony t f iu9 value, or the manner in which itis appreciated 
by those for whose use it is Intended. We have little doubt that the present 
work will prove no less welcome or valuable to the locomotive machinist and 
engineer, for whose use it is more particularly designed. Mr. Templeton 
being himself an engineer of considerable practical experience, his rules and 
calculations in reference to the construction, management, and relative 
capacity of various descriptions of steam-engines, will be found of great value 
and extensive application, and being deduced from personal observation and 
experiments, their accuracy mav be relied upon. Some excellent lithogra- 
phic illustrations are given, with numerous tables, containing the square 
and cube roots of numbers, areas and circumferences of circles superficies 
and solidities of spheres, &c The work is altogether of a practical charac- 
ter, and such as will find ready acceptance with practical mftu"— l&x^vwnd. 
Counties Herald. 



PRICE FOUR BHUIilNOS, 

LOCOMOTIVE ENGINE POPULARLY 
EXPLAINED, 

And iUnstrated by Lithographic Designs ; to which ue added. Roles and 
Tables for ascertaining its Amount of ITseAil Effect, Resistance, &c. Also, 
interesting Statistical Particulars connected with Railways, for general 
information. Second Edition, Revised. 

"This small Tolume gives, in a popular, and, at the same time, a yexy 
complete form, a description of the different parts of the machineiy of a 
locomotive steam-engine, and of its modes of application on railways. We 
seldom meet with a work containing, in so small a compass, so much useftil 
and practical information, as the pages of this volume contain. It is evidently 
written by a gentleman well acquainted with the subject on which he treats, 
and from his practical knowledge he is enabled to supply details and calcu- 
lations that can bo relied on in practice. The object of the publication, as 
stated in the preface, is to present, in a popular form, and in a shape 
accessible to all classes, a description of the locomotive steam-engine, so that 
those who desire to acquire such information may be able to attain it with- 
out being debi>rred by the expense of the larger works on the subject. It ia 
offered as the result of several years' experience in the locomotive department 
on a line of railway on which the author had constant opportunities of test- 
ing the merits and defects of the engines, and of their working on the 
railway ; and the results of his experience are here compressed within one 
hundred pages." — Inventors* Advocate. 

"The rapid improvement and extensive use of the locomotive engine 
renders a popular treatise like the one before us a great desideratum. The 
author has admirably supplied the deficiency in a cheap little work, clear 
and perspicuous in its descriptions, correct in its theories, and calculated te 
be exceedingly useful to the artizans employed in the construction and use 
of this great leviathan in mechanics. Every person employed in the mann- 
ftbcture of locomotive engines ought to possess it, and the directors of evezy 
line of railway in the kingdom would confer a benefit on the public by put- 
ting a copy of it in the hands of each of their stokers and engine-drivers.**— 
The Leeds Times. 

*' A mass of information respecting the locomotive engine and railways, 
and supplying much useful matter as r^ards both, with lithographic pxlnts 
to illustrate the text. We may, in the old terms of commendation, say, 
that this little volume makes the subject readily intelligible to the meanest 
capacities."— Xi^ar^ Gazette. 

London : Published by Simpkin, Marshall, and Ca, and sold by Smith, 
Rogerson, and Co., Liverpool, and by all Booksellers. 
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